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Fortune favors the hold. - Virgil

At this very moment, spacec: aft Galileo is orbiting,
the planet Jupiter. We invite you to join usfor at
exciting 2-year mission, the frost extensive visit to

an outer planet and its satellites.
——--—-———--———_——J
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SECTIONI Project Galileo has prepared this guide to help you share with us a unique
experience. The Galileo spacecraft tour is the first time an orbiter has
explored an outer planct and its satcllite system.

in this guide, we offer alook back and alook ahead. The basics are
hem--—our reasons {or going, the journey so far, the spacecraft structure for
both orbiter and p1 obe, the mstruments aboard each, our arrival at Jupiter
with aquick look at the science results, and the satellite tour itself.

En route to Jupiter the skill, enet gy, and dedication of many contributed to

?l]l ?ql 1 discoveries anti the gathering of scientific information despite difficulties.
GUl ‘D K Arrival Day madei! al 1 worthwhile when the orbiter and probe performed

flawlessly. The planning begun years ago and fine-tuned along the way
had become aredlity.

And more mysteries to besolved lie ahead as even now Galileo is
collecting data while approaching Ganymede fo1the first encounter of the
tour. We’ve listed some ways you can keep up with the news. It's
available on the Internet and in hard copy.

World Wide Web:
The Galileo home page: http://www .jpl.nasa.gov/galileo

JPL Info Computer Bulletin Board Service: http://www.jpl. nasa.gov
Online From Jupiter. htip://quest. arc.nasa.gov/jupiter.html

NASA JPI.1.earning Link: http: //leam.jpl.nasa. gov

NASA Spacel ink: http//spacelink .msfc.nasa.gov

Gopher:
NASA Spacclink: spacclink.msfc.nasa.gov

Anonymous KFTP:

JPL Info Comiputer Bulletin Board Service: jplinfo.jpl.nasa. gov
(137 .78.1 04.2). 1 .og on as anonyimous, thensend your city and state
(city and country for foreign users) as the password (commas and
spaces arc ok, vp to atotal of 15 characters).

NASA Spacel.ink:spacelmk.msfc.nasa.gov (1 92.149.89.61 )
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M odem:

JPL info Computer Bulletin Board Service: Dial (818) 354-1333.
Set paramcters t0 no parity, 8 data bits, 1 stop bit. This line supports
speeds up to 9600baud.

NASA Space] .ink: 1Jial (205) 895-0028. Set parameters as follows:
terminal emulation at\"1-100 and data for mat at 8-N-1.

Hard Copy:

The Project Galileo newsletter, The Galileo Messenger
(also available on the World Wide Web);
to receive a copy, call the editor at (818) 354.5593.

Contact Galilco Educational Outreach (818) 393-0593,
Public information Office at (818) 354-5011, or
Teaching Resource Office at (8 18)354-501 1

to receive additional materials.

NASA Television (NTV)

NTV is broadcast on Spacenct 2, transponder 5, channel 9, C-band,
located at 69 degrees West longitude. The frequency is 3880 MHz.
Polarization is horizontal and audio iSmonaural at 6.8 MHz.

Page 2 . The Galileo Tour Guide




SECTION 2

THE
JOURNEY
TO
JUPITER

VEEGA—
The Solution

Every cloud has asilveilimng. Consider the journcy of Galileo from
Earth to Jupiter. When the Challenger exploded in.January 1986,
preparations weieunderway to launch Galileo in May. This launch
would have used ashuttle to carry the spacecrafi to low-Earth orbit.
Galileo would then have been boosted to Jupiter using the powerful
Centaur rocket as an upyper stage.

The Galileo project was hit by a double whammy. First, the shuttle fleet
was grounded while problems were identified and fixed. Second, the
Centaur was forbidden to be can ied on a space shuttle.

Mission designers worked to find another way to Jupiter. Several ideas
were suggested. Onc idea was to split the flight system into two pieces
and launch each separately. All the proposed schemes were either too
costly or not able to accomplish al the mission’s scientific objectives.

Finally, trajectory experts discovered that if they launched the spacecraft
toward the planet Venus they would be able to get to Jupiter using a series
of gravity assists. The spacecraft would flyby Venus and then twice by
the Earth itself, Thesc three gravity assists would make up for chemical
energy that was lost with the banned Centaur rocket, The trajectory was
named “V EEGA” for“Venus-Earth Earth Gravity Assist.”

A gravity assist occurs when a spacecraft flies past a massive body at just
the right place. The spacecraft receives a boost 11t energy (and a change in
direction) by the gravitationa | action of the body.

Onc of the big, drawbacks of the VEEGA trajectory was that going near
Venus would bring the Galileo spacccraft closer to the Sun than it had
been designed to fly. (Venusis only t we-thirds of Earth’s distance from
the Sun.) So, spacecraft engineers had to change the thermal protection of
Galileo to prevent damnage as it swung toward the Sun. Other drawbacks
included having to add another low-gain antenna, a lot of aging analysis
caused by the extended time here and in spat.c, and a concern about
avoiding Earth.

With the VEEGA trajectory, scientists realized that there was indeed a
silver lining. The complex path to Jupiter would carry the Galileo
spacecraft by several interesting objccts. The detour was not just an
annoying delay. Fascinating opportunities lay ahead.
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Galileo was launched aboard the Space Shuttle Atlantis on October 18,
1989. in place of the Centaur, the Incrtial Upper Stage (1US) was used to
boost the spacecraft on its journey. Along the way to Jupiter there were
encounters with Venus (} ‘ebruary 10, 1990), Earth- 1 (December 8, 1990),
asteroid 951 Gaspra (October 29, 1991), Earth-? (1 december 8, 1992), and
asteroid 243 Ida (August 28, 1993). in addition to their science value,
these encounters were used to calibrate and characterize the spacecraft’s
instruments in support of itsfuture activities at Jupiter.

Liftoff!

On February 10, 1990, the Galileo spacecraft flew to within 16,000 kilo-
meters of Venus. Scientific observations, inducting 81 images of the
planet, were performed from closest approach — 1 day to+ 7 days during
the encounter period, The pictures of cloud-covered Venus revealed new
information on the structure and dynamics of the thick atmosphere.

Venus Flyby,
An Infrared Image of
the Clouds
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Galileo looped back to Farth later that year. The spacecraft passed above
the surface at an altitude of 960 kilometers. Galilea took more than 1000
pictures of Earth to create an Earth-rotation movie. This movie displayed
weather patterns from Galilco’s umque perspective.

)1low Aliens Ata press conference after the Earth-1 encounter, the Project Scientist,

Would See Us Dr. Torrence Johnson, provided aunique ovm-view of the flyby. He
mmagined Galileo was an alien spacecraft from somewhere near the star
Arcturus. What would the aliens have learned about planet Earth? They
would know that }arth’s oceans wer ¢ not very deep since the planet’'s
density was mo1 € than S times that of water. A magnetic field would have
been detected. This field would allow them to deduce the presence of the
planet’s fluid, conducting core. The chemistry of the atmosphere, with its
low amount of carbon dioxide and high amount of oxygen, might indicate
life. Radio signals, most likely not of natural onigin, would have been
detected. This further supported the possibility of life. “1"here were
probably volcanoes, but no active volcanoes were spotted. Plate tectonics
were not detected. Johnson concluded his talk by saying that the Arcturan
Academy of Sciences would certainly ask their government to fund
another mission to Earth, preferably an orbiter.

Earth Flyby

- e 2 aem e smew i matem e ma— - —
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The High-Gain
Antenna

Cruising the
Asteroid Belt

In April 1991, the Galilco flight team prepared to open the spacecraft’s
4.8-meter mesh high-gain antenna. The antenna had been stowed like a
closed umbrella since launch, People are always nervous about doing a
major mechanical operation in space. Youcan’t go out there with your
tool box if it doesn’t work. ‘I"his time their worst fears came true. The
antenna failed to open.

For many months, the problem was studied and various fixes were
attempted---heating, the antenna using sunlight, cooling it by turning it
toward the. cold darkness of’ deep space, and trymg to force it open with its
motors. The device remained stuck,

Analysis of the available enginecring measurements showed that the
antenna had only partially opencd. It was of littlc or no use as a
communications device. Reluctantly, the project began to consider how to
carry out its mission using only the low-gain antenna to transmit data to
the ground,

The recovery stiategy had two main thrusts. First, the sensitivity of the
Deep Space Network (IDSN) was increased substantially. (The DSNisa
network of three deep space communications facilities located around the
Earth at about 120 degrees apart, allowing constant observation of a
spacecraft as the Farthiotates.) Second, methods of compressing data
onboard the spacecr aft befor ¢ they were sent to the. ground were
developed. That way fewer “bits’ could do the work of more. So
effective were the plans of spacecraft engineers and mission planners that
it has been estiinated 70 percent of Galileo’s original scientific objectives
will be met.

Asteroid 951 Gaspi a was the next tar get after Earth- 1. The closest
approach to Gaspia, on October 29, 1991, was at 1600 kilometers.

imaging of the asteroid started at onc Gaspra “day” (7 hours and

3 minutes) before closest approach. Images wei ¢ taken as close as

5000 kilometers. Approximately 60 percent of the surface was
photographed. Objects as small as about 50 meters could be seen in some
images. The images were stored on the spat.cct aft’s tape recorder for later
transmission over the low-gain antenna. This first space encounter with an
asteroid showed it to be anirregular object (19 by 12 by 11 kilometers)
covered with craters.

The Decembe11992 flyby of Harth went smoothly. Closest approach was
at an atitude of only 305kilometers. (The space shuttle, the space
transportation system or STS, typically orbits the Farth at an altitude of

Page 6. The Galileo Tour Guide




immediately uponthe heels of the Ida data return, it became apparent that -
the Galileo spacccraft would have a direct view of an extremely rare

event. It would witness the impact of a comet with Jupiter. No Earth-

basecd telescope would be similarly favored.

‘I’he Comet Gene and Car olyn Shocmaker and 1)avid l.evy discovered a fragmented

Spectacle—S-1.9 comet on March 24, 1993. Since the comet was the ninth discovered by
this team, it was labeled “Shoemaker-levy 9 (S1,9). The discovery was
made with the ().5- mcter Schmidt telescope at the Palomar Observatory in
Cdifornia

Originally a penodic comet in orbit about the Sun, the comet was captured
by Jupiter. It may have broken into pieces in July 1992 when it passed
about 100,000 kilometers from the giantplanct. By cosmic standards, this
is a very close passage, but when astronomers examined the future path of
the cometary fragimments, they were astounded to find that in July 1994 the
cornet would actually slam into Jupiter.

Galileo was approxunately 240 milhion kilometers from Jupiter at the time
of the impacts. All told, 23 fragments splashed into the atmosphere
between July 16 and July 22 while Galileo performed many scientific.
observations from itsunique perspective.

S19A rrives at
Jupiter
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Cruise Highlights

Venus

Earth, Moon

Asteroids (Gaspra, |da)

Comet Collision

* Confirmation of lightning ('M'S)
 Images of mid-cloud level (NIMS)
« Images of smface (NIMS)

Unique measurements of the distant regions Of the

magnetotail (MAG, P1.S)

© Discovery of intelligent life (} "WS)

» Earthrotation movie (SS1)

+ Movie Of Moon passing in fiont of Earth (SS1)

° Images of Amtartica (SS1)

* Visual and infrared images of the Andes mountains (NIMS,

Ssl)

¢ Visualandinfrared images of the lunar farside and the polar

regions (NIMS, SS1)

- First and sccond close encounter with an asteroid (all

mstt uments except HIC)

o Discovery of first confirmed asteroid moon, Dactyl

(NIMS, SS1)

¢ Unexpected solar wind/asteroid interaction- -magnetic

with Jupiter

(Shoemaker- Levy 9)

Interplanetary Cruise  «

Engincering

Note: Acronym Definitions:

signature? (M AG)

o Only direct observations Of imnpacts (SSI, PPR, NIMS,

A

« Only direct chatacterization Of the size and temperature of

the impact firchall (NIMS, PPR, UVS)
Detection of the “splash-back” of the material gjected from
the impacts (NTMS)

Discovery of the most intense dust storm ever recorded
(1HDS)

Mapping of hydrogen and helivin distribution in the solar
systen (EUV, UVS)

+ Characterization Of large solarflate (HIC)

+ Demonstration of deep-s~mcc optical communication using

laws (SS1)
Complete rewor k and reloading of primary computer
software (A ACS, CDS)

AACS = Attitude and Articulation Control NIMS = Near-Infrarcd Imaging

CDS ~
Dl)s=
EUV =

HIC =
MAG =

subsystem Spectrometer

Command and 1ata Subsystem PLS=  Plasma Subsystem

Dust Detector Subsysten PPR:  Photopolarimeter
Extreme Ultraviolet Radiometer
{Spectrometer) Pws*‘  Plasma Wave Subsystem
} leavy lon Counter SS1= Solid-State imaging

Magnetometer

UVS = Ulnaviolet Spectrometer
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I’robe Release
and ODM

The Tape
Recorder
Challenge

~

The final major mission event in getting ready for lupiter arrival occur-red
in July 1995. On July 13, the atmospheric probe was cut loose from the
orbiter. The probe was pushed gently away, continuing, on a trajectory
that guided it into Jupiter’s atmospherce on December 7. The probe could
not communicate with the orbiter during the cruise to Jupiter.

The orbiter had to be deflected from its cow sc so it wouldn’t follow the
probe into the. atmosphere of Jupiter. The orbiter deflection maneuver
(ODM) occurred on July 2'1. It was the first major use of the 400-newton
main engine of the spacceraft. Afier 6 years inspace, the propulsion
system functioned well. (1 ‘xcept for a 2-second wake-up burn 5 days
earlier, this enginc actually had not been fired since 1984.)

At ODM the engine burned 308.1 scconds. Valuable data on engine
characteristics were gained. These data were used to plan the bum
sequence to insert the orbiter into a trgjectory about Jupiter. After a bum
lasting 49 minutes, the orbiter would begin its ?-year tour of the gas giant
and its complement of satellites, rings, and magnetosphere.

The Jupiter approach phase officially began on October 9, 1995. On
October 11, the orbiter1ecorded a global image of Jupiter with the probe
entry sitein view. When the tape recorder was commanded to rewind so
that the picture could be transmitted to arth, Pi oject personnel received
an unexpected jolt. Data from the spacecraft showed that the tape recorder
had failed to stop 1ewinding.

After commands were sentin real time to stop the recorder, engineers
quickly began an extensive analysis of the problem. Was the tape broken?
Wasit slipping? 1 lad the tape recorder actually stopped but sent a faulty
reading?

On October 20, the tape recorder was tested and a few seconds of data
were played back. The tape recorder was still opcrational ! However, a
preliminary study indicated that the tape recorder could be unreliable
under some of the planned Jupiter approach operating conditions.

On October 24, the spacecraft executed commands for the tape recorder to
wind an extra 2S times around a section of the tape. This section was
possibly weakened where the 1 ecorder was stuck in rewind mode for about
15 hours. Indications wei ¢ that the tape had not moved during this entire
time. The drive mechanisms had been slipping and possibly rubbing
against the tape. Spaceciaft engineets arc uncertain about the condition of
this area of tape so itis now “off-limits’ for future 1ecording. The extra
tape wound over it secures that area of tape, eliminating any stresses that
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could tear the tape at this potential weak spot. Unfortunately, the
approach image of Jupiter that Galileo took on Octgber 11 is stored on the
off-limits portion of the tape and wi |l not be played back.

Engineers continued to analyze the tape recorder’s condition so that they
could fully understand its capabilities and potential weaknesses. They
hoped to find ways to operate. the recorder with little loss to the orbital
mission objectives. Consequently, the decision was made to use the tape
recorder, but sparingly, on approach to Jupiter. All imaging and other
high-rate data (including the pictures of Europa and 10) were eliminated
from the arrival scquence. Only the Jow-rate data opportunities were
recorded: the probe data anti the unique ficlds and particles data in the

10 torus.

Looking back, the cruise phase of Galileo was very valuable. The
spacecraft was characterized, assuring us of the performance we could
expect from it. The instruments wer ¢ calibrated. Wc added to our
knowledge of Venus, the Larth, and the Moon. We rewrote the chapter on
asteroids. We had the best perspective on the cosimic show provided by
Shoemaker--1.evy 9.

The wonders of Arrival Day--to bc remembered always--are told in
Section 6, Arrival at Jupiter.
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SF; CT ION 3

THE
Pl. ANET
JUPITER

Early
Explorations

For thousands of years, people have watched a bright wandering light in
their sky. Only one other wandcrer (Venus) was brighter, but it never
appeared high in the night sky. This “wandering. star” or planet was
named after the raler and most powerful of the Roman gods of
mythology-- Jupiter.

Jupiter is the largest planet in the solar system. It is about two and a half
times more massive than the other eight planets combined. If it were
hollow, more than 1300 Earths could fit inside. However, Jupiter's
density is only a little more than that of water. It is a gas planet, not a
rocky one like Earth.

Through a telescope, Jupiter appears as a yellowish disk, crossed with
orange-red bands. Since the mid- 1600s, astronomers have noted spots
moving across Jupiter’'s face as the planet rotates. Some of these spots and
other cloud features have survived for years at a time, much longer than
clouds and storm systemns do on Earth. The longest lived of these spots is
the “Great Red Spot.“ ‘1 *his gigantic red oval (about three times the size of
Earth) wasfirst reported in 1664.

Astronomers have vsed these moving spots to roughly measure the
planet’s rotation period. A Jupiter “day” isjust under ten hours. Jupiter
has the highest rotation period of any planet, causing the slightly squashed
appearance of’ the disk. The equatorial radius is 4300 kilometers larger
than the polar radius.

Five spacecraft from Earth have already made the journey to Jupiter.
Pioneers 10 and 11, launched in 1972 and 1973, respectively, were the
first spacecraft to explor ¢ space beyond the orbit of Mars, cross the
asteroid belt, and provide close l00ks at the giant planet. The Pioneer
spacecraft wer ¢ “spinners.” They rotated constantly like giant tops. This
design was very stable and required less complicated guidance than a non-
spinning craft.

The instruments could collect data from many different directions while
the spacecraft was spinning. Instruments measuring enetgetic particles
and magnetic fields perform well on a spinning spacecraft. Other types of
instruments, such as cameras, do not do as well. imagine trying to take a
picture while you were 1iding amen y-go-round. The Pioneers carried 11
instruments. Somne were for sensing small meteoric particles and charged
particles. Sonic werc for measunng Jupiter’s magnetic field and radiation.
One instrument, the imaging photopolarimeter, measured the brightness of
anarrow strip of the planet. It took & measurement during each spin of the
spacecraft. Anitnage of’ Jupiter was assembled fi om these strips.
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How We Compare

The Atmosphere

Voyagers 1 and 2 were launched on their tours of the outer planetsin
1977, The Voyageimissious were designed to study the planetary
systems in greater detail than the Pioneers had done. The Voyager
spacecraft were miore sophisticated and more automated than the Pioneers.
Also, these spacect aft were not spinners but wete “three-axis stabilized.”
Voyager was ablc to maintain afixed orientation], or attitude, in space.
The spacecraft provided accurate and steady pointing for its instruments.
However, the instruments could not continuously sample different
directions. Voyagei carried ten instruments, including television-like
cameras, spectrometers, particle detectors, and a magnetometer.

The latest visitor to Jupiter, Ulysses, was launched in 1990 and arrived in
early 1992. Ulysses’ prime mission was to study the poles of the Sun.
The spacecraft used Jupiter’s gravity to swing upward out of the ecliptic
plane so it could examine the polar 1egions of the Sun. The spinner
spacecraft carried mine instruments (N0 camera-like devices) designed to
study the Sun, the solar wind, and interstellar space. These instruments
supplied data about Jupiter’s magnetosphere.

Characteristic Esrth Jupiter
Equatorial Diameter (ki) 12,756 142,984

Mean Relative Density (g/cm’) 5.52 1.33

Mean Distance From Sun (km) 149,600,000 778,400,000
Orbital Rotation 365.2S days 12 Karth years
Rotational Period 23 h, 56 min 9 h, 55 min
Atmosphere 78% nitrogen 81% hydrogen

21 % oxygen 18% helium

Based on the data obtained fi om the Pioneer and Voyager missions,
Jupiter’ s atmosphere consists of about 81 percent hydrogen and 18 percent
helium. If Jupiter had been between fifty and a hundred times more
massive, it might have evolved into a star rather than a planet, Our solar
system could have been a binary star system. Besides hydrogen and
helium, small amounts of methane, ainmonia, phosphorus, water vapor,
and various hydr ocarbons wei € found in Jupiter’s atmosphere.

Jupiter’s atmospher ¢ displays alternating patterns of dark belts and light
zones. The locations and sizes of the belts and zones change gradually with
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time. Within these belts and zones arc clouds and storm systems that have”
raged for ycars. One of these giant storms, called the “Great Red Spot,”
has lasted over 300 yeats. This spot rotates once counter-clockwise every
6 days. Since it is in the southern hemisphere of the planet, this rotational
direction indicates it is a hi{ ?,h-pressure zone (unlike Earth’s cyclones,
which are Jow-pressure zones). The reddish color is a puzzle to scientists,
but several cheniicals, including phosphorus, have been proposed. In fact,
the colors and inechanisms driving the appearance of the entire
atmosphere arc not well understood. 1 'hese mysteries cannot by solved be
taking pictures. Direct measurements from within the atmosphere are
necessary- mecasurcments like those made by the Galileo probe.

Jupiter is swept by about a dozen prevailing winds, reaching 150 meters
pcr second (335 miles per hour) at the equator. on Earth, winds are
driven by the large difference in tempetrature, more than 40 degrees
Celsius (about 100 degrees 1 ahrenheit), between the poles and the

equator. But, Jupiter’s pole and equator share the same temperature,

-130 degrees Celsius (about --200 degrees Fahrenheit), at least near the
cloud tops. This is another mystery being addressed by Galileo (see Probe

Science Results).

Jupiter’s
Great Red Spot
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ThelInterior Jupiter’s core is estimated to be about one-and-a-half times Earth’s
dlameter, yet ten to thin ty titnes mo1 € massive. « Jhc.core's ternperature is
estimated to be 30,000 degices Celsius (about 55,000 degrees Fahrenheit).
This high temperatur e is the result of a pressure of as much as a hundred
million atmospheres. (One atmosphere IS equal to the air pressure at sea

level on Barth.)

Surrounding this cor e isa40,000-ki lometer (25,000-mile) deep sea of
liquid metallic hydrogen. Unknown on Earth, liquid metallic hydrogen
forms under the extr eme pressures that exist on Jupiter. At this depth, the
pressure is more than three million atmospheres. H ydrogen molecules are
so tightly packed that they break up and become electrically conductive.
Scientists believeit is this clectrically Conductive liquid that causes
Jupiter’ s intense magnetic ficld.

Next thereisa 2 1,000-kilometer (13,000-mile) thick layer of hydrogen
and helium. This layer gradually changes from liquid to gas as the
pressure falls inito the range of tens of atmospheres.

Finally, a150-kiloincter ( 1 (lo-mile) thick cloud cover, the atmosphere,
tops the planet.

1
i

2%~—— AMMONIA CRYSTALS A
7+ AMMONIUM HYDROSULFIDE CLOUDS
~—+— ICE CRYSTAL CLOUDS

7/" ' \\EXTENTOFPROBE

MISSION (SEE INSET)
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Core to Cloud Top
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The Ring One of the surprising discoveries made by Voyager was the detection
of an extremely faint ring around Jupiter. The scientists who designed
Voyager’'s observations decided to take pictures of the area where
they thought a ring might be. The lighting, was just right for them to
capture the ring made vp mostly of dark, dust-sized particles, The ring,
consisting of three bands, extends fi om the upper atmosphere out to about
53,000 kilometers (33,000 miles) above the cloud tops. The brightest band
Isat the outer edge and is 800 kilometers (500 miles) wide.

The One of the by-products of Jupiter’s ocean of liquid metallic hydrogen is a

M agnetosphere magnetic field stronger than that of any other planet. Jupiter’s magnetic
field has the opposite sense of Earth’s. A compass would point south
rather than north. The 1egion of space dominated by a planet’s magnetic
field is called a“magnetosphere.” Jupiter’s magnctosphere is molded by
the solar wind (the stream of char ged particles “blown” out from the Sun)
into a teardrop shape- --its point directed away from the Sun. If Jupiter’s
magnetosphere were visible from Earth, it would be several times larger
than the full Moon in the night sky.

The magnetosphere isdominated by the planet’s environment, its
magnetic field, anti a swarm of energetic particles and gases. The low-
energy ions, protons, and electrons arc called “plasma.” The boundary
between the magnetosphere and the solar wind is the “magnetopause.” A
bowshock is formed in the solar wind upstream from the magnetopause.
In the direction away from the Sun, the magnetosphere is drawn out in a
long “magnetotail” by the drag of the solar wind.

Jovian
Magnetosphere
and Solar Wind
Interaction
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Distributed throughout the nagnetosphere isalow-ener gy plasma, largely
concentrated within afew planctary radii of the equatorial plane. The
plasma forms a sheet through which concentrated electric currents flow
(see the. figure below).

The Pioneers and Voyagers observed a giant doughnut-shaped collection
of charged particles surrounding Jupiter at about the distance of the orbit
of lo. ‘I’hisis known as “‘thc 10 plasma torus.” It results from material
escaping from 10’'s atmosphere or surface and then being caught up in
Jupiter’s magnetic ficld.

At Jupiter, the plasma within the magnctospherc tends to rotate along with
its rotating magnctic field . If it rotates at the. saine speed, it isreferred to
as “rigid corotation.” Processes within the magnetosphere cause the
plasmato rotate at less thanigid coronation speeds in some regions.

The Plasma Sheet,
Io’s Torus, and the
Magnetic Field Lines
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The Satellites Thirteen of Jupite1’s16 known moons were discovered from Earth. The
other three wei ¢ first seen by Voyager. The fowr largest moons-1o,
Europa, Ganymede, and Callisto ---were observed in 1610 by Galileo
Galilei of Italy. 1 Ie used ancwly invented device called a “telescope.”
These fourmoons are ofteni eferred to collectively as “the Galilean
satellites.” What do we already know of these moons? They range in size
from dlightly smialler than our Mooll to slightly larger than Mercury. The
top figure the shows the order of the satellites’ proximities to Jupiter
(moon Sizes arc not to scale), and the bottom figure shows the comparison
of their sizes to onc another.

Distances From

Jupiter
J‘“i L] L] . L]
ey
Jupiter 10 Europa Ganymede Callisto
778.3 x 108 {trom Sun) 421,600 670,900 1,070,000 - Mean distance (km) - 1,580,000
71,398 (equatorial) 1,81535 1,5649 1 10 2,631 410 Radius (km) - 2,400 +10
1.9 x 1627 8.92 x 1022 4.87 x 107 1490 x 102 - Mass  (kg) - 1.075 x 1073
1.314 3.55 3.04 1.93 - Bulk density (g/em?3)- 1.83
do
Gropea
Relative Size
d Calliste
me(m e
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10

Volcanoes Galore!

Europa

Cracksin the Ice?

10, the Galilcan satellite nearest Jupiter, has been described as looking like”
agiant pizza (due to 1ts bright mctdish-orange and white markings) or the
closest place to hell in the solarsystemn, Vole.aio& spew plumes of gas
and solid particles hundreds of kilometers above the surface. A collection
of these particles, trapped by the magnetic force from Jupiter, orbit the
planet in the shape of a huge doughnut known as the “lo Plasma Torus.”
Flows of sulfur lava radiate from the volcanoes. Approximately one third
of the surface is cavered with bright white sulfuric snow. It may be that
the intense volcanic activity on 10 1esults from frequent great tides caused
by the gravitational influence of Jupiter. Galileo found that 10 has alarge,
dense iron core, taking up half its diameter (see Arrival at Jupiter section).

If To isapizza, then Europa, the next satellite out from Jupiter, is a
cracked hard-boiled egg. It has abright white surface, crisscrossed with
dark fissures. It has neither inountains nor valleys, craters nor volcanoes,
Recent observations from Earth indicate the moon may have a thin
atmosphere of oxygen and sodium. Somne scientists think that a giant
ocean may lie beneath alayer of ice that has cracked and refrozen at
temperatures of about - 146 degrees Celsius or - 230 degrees Fahrenheit.
If so, it would be the only place we know of in our solar system besides
Earth with asignificant supply of liquid water. Still- --too cold for a swim!
S . ]
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Ganymede

Bigeer Than
Mercury

Callisto

Cluttered With

Craters

The third Galilcan satellite, Ganymede, is the largest moon in the solar
system. It has avaricty of gcological formations, including craters and
basins, grooves, and rough mountainous arcas. About half the surface is
covered with waterice and half with datk rock. These heavily cratered
dark regions asc thought to be ancient. The newer, lighter regions give
evidence of tectonic activity that may have broken up the icy crust. A thin
layer of ozonc has been detected sur rounding Ganymede.

The last and least active Of the Galilean satellites is Callisto. Like
Ganymede, it secins to have arocky core surrounded by an ocean of ice.
The surface is covered completely with meteoric immpact craters; no
“plains” show. Although the exact rate of impact crater formation is not
known, scientists estimate that it would require sceveral billion years to
accumulate the number of craters found on Callisto. Therefore, the moon
must have been inactive at least that long, afinerecord of the past.
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The Minor All the other satellites are comparatively mine: objects, up to
Satellites 170 kilometers (100 miles) across. Eight are ininclined orbits far from the
" planet, and fourarc close to the planet,inside 10's orbit. In ascending

order of mean distance from Jupiter, the 16 moons arc Metis, Andrastea,
Amalthea, Thebe, 10, Europa, Ganymede, Callisto, l.eda, Himalia,
Lysithea, Elara, Anankc, Carme, Pasiphae, and Sinope. Online From
Jupiter (see World Wide Web in the first section, About This Guide)
sponsored a contest to create amnemonic to help you remember this long
list. One winner gave us ‘‘Meteors and asteroids travel in every galaxy
continuously” for the first eight moons. Y ou may want to devise your
own sentence from the initial letters of the last eight satellites!

What 1)0 We Studying Jupiter may help us to understand how the solar system, and our

Hope To Learn? own planet, formed and evolved. The flyby missions of the Pioneers,
Voyagers, and Ul ysses gave us quick glimpses of this exciting world.
Now it is time to settle in and take long-term, detailed measurements of
the system.

The Galileo mission was composed of two elements to do just this. A
probe descended into the atinospher e to sample it directly (see two
sections, The Galileo Probe and Probe Science Results). An orbiter will
spend almost 2 years studying the planet, its satellites, and the vast
magnetosphere up close. (Galileo will orbit Jupiter in the altitude range of
650,000 to 800,000 kilometers. Closest approach for earlier missions was
1,200,000 kilometers during the Voyager flyby.)

The composition of Jupiter’s atmosphere may tell us about the original

star stuff from which all the planets formed. There are many unanswered
guestions about Jupiter that Galileo will try to answer. What is the current
state of Jupiter’s atinosphere? What arc its clouds made of? How do
temperature and pressure change with depth? What is the strength of its
winds? What arc the forces behind its weather patterns? What causes the
lightning that VVoyager observed flashing on the night side of the planet?
The Probe mission has aready provided some clues. Learning more about
Jupiter’s atmosphere will advance our understanding of the nature of all
planetary atmospheres, including our own.

By studying Jupiter’s satellites we hope to determine the effects of initia
conditions, size, energy sour ces, meteorite bombardment, and tectonic
processes on the way planets evolve. Among the key questions about the
satellites are the following: How did 10’'s volcanoes evolve and what is
their chemical composition? How thick is Europa’s ice crust and what lies
beneath it? What causes the appear ance of the terrain on Ganymede?

How do the craters on Callisto compare with craters on rocky planets?
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Galileo Science
Objectives

What arc the interiors of the satellites like? What at ¢ their atmospheres
(if any) like? Do they have magnetic fields? .

observations of thc magnetosphere will help us to understand the complex
interactions between magnetic forces and matter throughout the universe.
There are many qucstions about the magnetosphere. What is the
inter-action between the satellites and the magnetosphere? What arc the
originsof the magnetotail wind?

We should always remeinber that even though we have many ideas about
what wc anticipate Gahileo will accomplish, the most exciting results are
often unexpected.

Atmosphere
+ Detenmnine the chemical composition

- Determine the structure to & depth of at least 1(1 bars

+ Determine the nature of the cloud particles and location and structure of cloud
layers

= Determine the difference between the amount of energy being recetved from
the Sun and the amout of energy coming frominside Jupiter

« Invedtigate the wind patiems

¢ Investigate the upper at mosphere and ionospher €

Satellites
« Characterize the appearance, geology, and physical state of the surfaces
+ Invest igate the sut face mineralog y and sur face distribution of minerals
» Determine the gravitational and maguoetic fields and dynamic properties
+ Study the atmosphcres, ionosphetes, and extended gas clouds
« Study the interactions of the satellites with the maguctosphere

Magnetosphere
« Characterize the encrgy spectra, composition, and distribution of energetic
particles throughout the magnetosphere
.Characterize the direction anti st ength of magnietic fields throughout the
magne tospher €
.Characterize the plasmia energy spectra, composition, and angular distribution
throughout the magnctosphere
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SE C'I'’1ON 4 The Galilco orbiter, built at JP1., combines feature.s of spinner spacecraft
(the Pionecrs and Ulysses) and three-axis stabilized spacecraft (the
Voyagers). The orbiterisan innovative “dual-spin” design. Part of the
orbiter (containing the antennas and smne instr viment booms) rotates while
another part (containing aninstrutnent plat form) remains fixed in inertial
space. This meansthatthe orbiter is a good plat form for fields and
particles experiments; they p erforn best when rapidly gathering data from
many different dir cctions. The orbiter is also a good platform for remote
sensing experiments that require very accurate and steady pointing.

THE At launch, the orbiter weighed 2223 kilograms, including 118 kilograms
GALILEO . . o s
ORBITER of science instruments and 925 kilograms of usable rocket propellant. The

overall length from the top of the low-gain antenna to the bottom of the
probe measured “/ neter s; the magnetometer boom extends 11 meters from
the center of the spacecraft.

Pl IASMA-WAVE
ANTENNA
LOW-GAIN
ANTENNA

SUN
SHIELDS —n P A o AARNEYOMETER
Petid - SENSORS
EXTREME 5
ULTRAVIOLEY
SPECTROMETER
STAR s ENERGEII('
. SCANNER ARTICLES DETECTOR
The Galileo Orvieer - PLASMA SCIENCE
------ - HEAVY ION COUNTER
= ---DUSY DETECIOR
- RETROPROPULSION MODULE
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........................................

BELOW:DESPUN SE CT ION
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|
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ATMOSPHE RIC « SOLID-STATE IMAGING CAMERA
\ PRORE « NEARANFRARE O MAPPING SPECTROMETER
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\
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THERMOELECTRIC

Generators (RYG)
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Spacecr aft
Subsystems

Power Subsystem

Tele-
communications

Command and
Data Subsystem

The Galileo orbiter is composed of the follow ing major engineering
subsystems and science instruments.

Galileo uses two radioisotope thermoel ectric gencerators (RTGs) to supply
electrical power to run the spacecraft’s devices. 'l he radioactive decay of
plutonium produces heat thatis converted to electricity. The RTGs
produced about 570 waitts &t launch, The power output decreases at the
rate of 0.6 watts P¢t month and was 493 watts when Galileo arrived at
Jupiter.

The problem with the high-pain antenna has made it necessary to
communicate with Earth--data down and commands up --through a
low-gain antenna. Instead of 134 kilobits persecond through the
4.8-meter high-gain antenna, up to 160 bits per second will be sent to
Earth from Jupiter.

The Command and 1 )ata Subsystem (CDS) (really the “brain” of Galileo)
has several functions. tirst, it must can-y out instructions from the ground
to operate the spacecrafi and gather science data. Second, some portions
of the CDS memiory canserve as a storage place for science data. Third,
the CDS must package thedata for tr ansmission to Earth. Finaly, the
CDS must be aler t for and respond to an 'y problern with any of the
spacecraft subsystems.,

Commands sent fioin Earth can be in the form of real-time (do this now)
commands or asii sequence, aset of” instructions for operating the
spacecraft. Sequences a1 e carefully constructed (with input from many
scientists and enginecers) and thoroughly tested before being radioed to the
spacecraft. On Galileo, a Sequence 1na y control spacecraft operations for a
period of bouts to several months, depending upon how busy the period is.

in March of 1995, the capability to write probe data to the CDS memory
was added via an inflight loading. of new software. Doing so allowed the
CDS to serve as alitnited backup to the tape recorder for storage of the
probe data. As of spring 1996, data compression methods will have been
added to the CDS software. These inethods will allow retention of the
most interesting and scientifically valuable information, while minimizing
or eliminating, less valuable data (such as the dark background of space)
before transmission. The final crucial function of the CDS is fault-
protection activation. Fault protection algorithms make the spacecraft
semiautonomous and able to act quickly to protect itself. There are
occasions in the lives of most spacecraft when emergencies must be
handled, and there is no time to wait for answers from the flight team

on Earth.
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Data Memory
Subsystem

Attitude and
Articulation
Control
Subsystem

Propulsion
Subsystem

Scientific
Investigations

Data are either transmitted to Earth as they arc gathered (called “real-time
data’), or they a ¢ stored aboard for future playbyack. One place data can
be stored is Galileo’s | Yata Memory Subsystem (1 YMS), afour-track tape
recorder that holds 900 mcgabits of data

The Attitude and Articulation Contiol Subsystein (AACS) is responsible
for attitude determination (determining the orientation of the spacecraft in
inertial space), at ti tude propagation (keeping track of the spacecraft
orientation between attitude deteriminations), and attitude control
(changing the orientation, spin rate, or wobble of the. spacecraft).
Software in the AA(X computel cai ries out the calculations necessary to
do these functions. In the spring of 1996, the software will have been
updated to include the ability to compress imnaging and plasma wave data
down to as little as1/80th of their o1iginal volume.

The Propulsion Subsystem consists of the 400-newton main engine and
twelve 10-newton thrusters together with propellant, storage and
pressurizing tanks, and associated plumbing. The fuel for the system is
monometh ylh ydrazine, which is bui ned using nitiogen tetroxide. The
Propulsion Subsystem was dcveloped and built by Daimler Benz
Aerospace AG (DASA) (forinerly Messerschmitt- Bolkow-Blohm) and
provided by Germany, along-term partner in Project Galileo.

The newton (N) is a unit of force used to measure, among other things, the
thrust level of rocket engines. A thrast of 10 N would support a weight of
about 1 kilogram (or 2.2 pounds) at the Earth’s surface.

There are 12 scientific experiments aboard the Galileo orbiter. The
despun section is home to four remote-sensing instruments, These are
mounted on a movable scan platform with their optical axes aligned so
that they view a neat’]ly common ma. The spun section contains six
instruments that investigate particles and magnetic fields. The remaining
two investigations use the radio system of the orbiter.

o e i o e Ak 40— A v —— —
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Renlote-Sensing
Instruments

For Jupiter and itsmoons, the remote sensing instruments will be
acquiring data that may reveal the history of the Joyian system and its
present composition and processes. The figure shows the wavelength

ranges of the electromagnetic specti um that these instruments will monitor
during both encounters and cruise periods.
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Solid-Sate
Imaging Camera

The scientific objectives of the solid-state imaging (SS1) camera
investigations have a wide scope: a study of satellite sciences, a study of
the Jovian atmosphere, characterization of Jovian and satellite auroral
phenomena, and an assessment of the rings of Jupiter. For the Galilean
satellites 10, Europa, Ganyinede, and Callisto, the imaging investigators
hope to map alaige portion of each sur face to aresolution of 1 kilometer
or better. in a few areas, features smaller than 100 meters will be
distinguished. in addition, variations in color and albedo (reflectivity) will
be mapped at a scalc of about 2 kilometers. Scientists will look for
changes on the surfaces over time. It is also plauned to measure the shape
and the location of the spin axis of each Galilean satellite.

The other smaller satellites will be studied throughout the orbital tour.
Studies will also be made of Jupiter’srings. Small, new satellites maybe
found in or near the rings.

The SS1 will be used to determine structure, motions, anrt radiative
properties of the atimosphere of Jupiter. It will measure wind profiles by
tracking how fast clouds move at variouvs altitudes. Radiative properties of
the atmosphere, which arc. important for understanding energy
management, Will be determined by measuring the scattering of light from
specific features at various wavel engths and at various angles of
illumination. Observations of auroral phenomena willbe correlated with
fields and particles measurements done with other instruments.

The SS1 is an 800- by &00-pixel solid-state camera consisting of an array
of silicon sensors called a “ charge-coup]cd device” (CCD). The optical
portion of the caines aisbuiltas aCassegrain (reflecting) telescope. Light
is collected by the primary mirror and ditected to asmaller secondary
mirror that channels it through a hole in the center of the primary mirror
and onto the CCD. The CCD sensor is shielded from radiation, a
particular problem within the radiation-harsh Jovian magnetosphere. The
shielding is accomplished by means of a 1-centimeter-thick layer of
tantalum that surrounds the CCD except, of course, where the light enters
the system.

An eight-position filter wheel is used to obtainimages of scenes through
different filters. The images may then be combined electronically on
Earth to produce color images.

The spectral response of the SS1 ranges from about 0.4 to 1.1 micrometers.
(A micrometer is onc millionth of ameter.) Visible light has a wavelength
covering the band of’ 0.4100.7 micrometers.

The SS1 weighs 29.7 -kilograrns and consumes, on average, 15 watts
of power.
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Near-Inframi
Mapping
Spectrometer

The near--inft arcd mapping spectrometer (NIM S) is a pioneering
instrument for rcmc)tc-sensing devices for planetary spacecraft. It
combines spectroscopy and imaging in onc instrument. The coldest part
of the spacecraft is the NIMS radiator at S5 kelvin!

NIMS has two major objectives, The frost objective isto look at the
surfaces of the satellites of lupiter to see what they 're made of. The
second objective is to study the atmosphere of Jupiter to determine such
things as the characteristics of the lovian cloud layers, the variations over
time and space of the constituents of the atmosphere, and the temperature
versus atitude profile.

For the satellites, the geological structures will be mapped to determine
their mineral distiibutions. Resolutions of 25 kilometers per NIMS pixel
or better are planned for the Galilecan satellites Europa, Ganymede, and
Callisto. NIMS will inake distant obsetvat ions of Jupiter’s volcanic
moon 10, at resolutions of 120 to 600 ion, to detes mine the moon’s
surface composition and to measurc temperatur cs of the hot spots. NIMS
will monitor 10’s volcanic activity in every Galileo orbit. In addition,
spectral analyses will be done for some of the staller satellites and the
planet’ s ring.

Since NJM S measures infrared radiation from the atinosphere of Jupiter,
it will contribute to compositional studics, the nature of clouds, motions,
and energy balances. NIMS will be able to monitor ammonia, water
vapor, phosphine, 1nethane, and gerimane and to look for previously
undetected molecules. Phosphine, which isformed in the deep interior
(more than 1000 kilometers deep below the clouds at temperatures near
1000 kelvin) and is rapidly destt eyed at observable altitudes, is a tracer of
huge upwellings of gas from deep inside the planet. NIMS will map the
abundance of phosphinc over awide range of lat it udes and longitudes.
The goal isto undcirstand the major cleep-seated calculation patterns that
power the “near- surface” meteorology (planet-girdling cloudy zones, drier
belts, and localized cyclonic storm systems such as the Great Red Spot).

The NIMS instrument is sensitive. from 0.7 to 5.2 micrometers,
overlapping the wavelengthiange of SS1. The tel escope associated with
NIMS is al reflective (vses mirrors anti no lenses) with an aperture of
229 millimeters. The spectrometer of NIMS uscs a grating to disperse the
light collected by the telescope. This method isoften used by instrument
makers rather thanusc of the familiar prism. The dispersed spectrum of
light is focused on detectors of indiuim antimonide and silicon.

The NIMS weighs 18 kilogn tires and uses 12 watts of power on average.
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Photopolarimeter/  The photopolarimeter/radiometer (PPR) will be used to measure the
Radiometer intensity and polarization of sunlight, in the visible.portion of the

. spectrum, that is reflected from- -scattered from- the Jovian satellites and
Jupiter. The PPRis inmany respects three instruments combined into
one: a polarimeter, a photometer, and aradiometer.

The polarimeter detects thr cc specti al bands. Polarization is an important
property of light (a fact known to the wearers of some types of sunglasses)
and can reveal information about the nature of the object from which the
light comes.

The photometer uses seven narrow spectral bands in the visible and near-
infrared wavelengths. T'he bands in which to make these measurements
have been carefully selected For example, locations are covered where
methane and ainmonia strongly absorb light.

The PPR has seven radiometry bands. One of these uscs no filters and
observes al the radiation, both solar anti thermal. Another band lets only
solar radiation th1ough. The difference between the solar-plus-thermal
and the solar-only channels gives the total thermal radiation emitted. The
PPR will also measure in five broadband channels that span the spectral
range from 17 to 110 microneters. The radiometer provides data on the
temperatures of the Jovian satellites and Jupiter’ s atmosphere.

The design of the instrument is based on that of an instrument flown on
the Pioneer Venus spacecraft. A 10- centimeter-aperture reflecting
telescope collects light, directs it to a series of filters, and, from there,
measurements are performed by the detectors of the PPR.

The PPR weighs 5.0 kilograms and consumes about 5 watts of power.

(Ultraviolet The Galileo ultraviolet spectt ometes investigation consists of two
Spectrometer/ instruments: the ultraviolet spectrometer (UVS) and the extreme

Extreme ultraviolet spectrometer (EUV). The UVS works on the short wavelength
Ultraviolet side of the visible hand, oper sting fiom 113 to 432 nanometers. The EUV
Spectrometer isamodified flightspare of the Voyager ultraviolet spectrometer and

covers the range of 54 to 12§ nanomcters.

TBS
‘I"'he UVS/EUV will study properties of Jupiter’s atmosphere and aurora,
the surfaces and atmospheres of the Galilean satellites, and the doughnut-
shaped cloud of ionized plasina in 10's orbit. Absorption and reflectance
spectra from the atmospheres of Jupiter and its satellites, characteristic
of certain atoms and molecules, will be combined with the study of
airglow emissions (emissions that occur because of sunlight and electron
impacts).
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The reflective properties of satellite surfaces in the ultraviolet allow
scientists to determine the composition and physical state of the materials
that comprise the surface. Onecan look for iccand frost or deduce the
sizes of grains.

Volcanic eruptions on 10 ar¢ believed to be the source of alarge doughnut-
shaped cloud of electrons and ionized sulfur and oxygen ions that
encircles Jupiter along the orbital path of 10. ('l he mathematical name for
adoughnut shape is“torns” so this cloud is called the “lo torus.”)

Temperatures of the sulfur and oxygen ions in this plasma torus can be
more than 10 tirnes the temperatures at the surface of the Sun. These
ultraviolet observations will help provide a picture of 10’s evolution and
its relationship with Jupiter’s magnetic field.

The Cassegrain tclescope of the UVS has a 250-millimeter aperture and
collects light from the obser vation target. Both the UVS and EUV
instruments usc aruled grating to disperse this light for spectral analysis.
This light then passes thi ough an exit slit into photomultiplier tubes that
produce pulses o1 “sprays” of electrons. These electron pulses are
counted, and these count numbers are the data that are sent to Earth.

The UV S is mounted on the scan platform and can be pointed to an object
in inertial space. The EUV is mounted on the spun section of the
spacecraft. As Galileo spins, the EUV observes a narrow ribbon of space
perpendicular to the spin axis.

The two instrutnents combined weigh about 9.7 kilograms and use

5.9 watts of power.
Fields and As a set, the fields and particles instruments arc designed to study
Particles numerous phenomena within the magnetosphere of Jupiter.

Instruments _ _ _ . _
Plasma (asin the lo torus) is avery important ings edient of the

magnetosphere. The sources of the plasma are being investigated, Which
particles come from the ionosphere of Jupiter, which from the solar wind,
and which from the satellites?

The plasma interactions with the satellites and particularly the parameters
of the 10 torus are of interest. The Jovian radiation belts and other
structures of the magnetosphere will also be under scrutiny. Also, it is
possible that a plasma wind will be found to flow out from Jupiter at the
magnetotail.
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Magnetometer

Plasma
Instrument

M et e e h e e m e i S E———— e . b v

A basic set of measurements for ficlds and particles science is the
determination of the strength and direction of the magnetic field within the
magnetosphere.

The magnetometer (MAG) uses two sets of three sensors. The three
sensors allow the three orthogonal components of the magnetic field
section to be measured, One set is located at the end of the magnetometer
boom and, in this position, is about 11 meters fi omn the spin axis of the
spacecraft. The second set, designed to detect stronger fields, is

6.7 meters from the spin axis. 1°he boom isused to remove the MAG from
the immediate vicinity of the spacecraft to minimize magnetic effects from
the spacecraft. However, not all these effects can be eliminated by
distancing the instrument. The rotation of the spacecraft is used to
separate natural magnetic ficlds fiom engincering-induced fields.

Another source of potential error in measurement comes from bending and
twisting of the long magnetometer boom. To account for these motions, a
calibration coil is mounted r1igidly on the spacecraft and puts out a
reference magnetic field during calibrations.

The strength of a magnetic field is measured in units of “tesla.” The
magnetic field at the surface of the Earth has a strength of about

50,000 nT.(Theletter “n” stands for the prefix “nano,” which indicates
one thousand millionths of a tesla, or, in scientific notation, 10-9 tesla.)

At Jupiter, the outboard (11-meter) set of sensors can measure magnetic
field strengths in the range from 232 to*512 1" while the inboard
(6.7-meter) set is active in the range from:i512t0316,384 nT. The
calibration coil provides a1eference field at the outbound magnetometer of
3 nT.

The MAG experiment weighs 7 kilograms and uses 3,9 watts of power.

As remarked before, plasma consists of electricall y charged particles-—
ions, which carry a positive charge, and electrons, which carry a negative
charge. Usually, the number of ions in a plasma equals the number of
electrons, so the plasina asa whole is electrically neutral, but ions and
electrons travel different paths within the magnetosphere. The plasma
instrument (P1.5) measures the energies and directions of approach of ions
and electrons comprising the plasma. PL.S also uses a mass spectrometer
to identify the composition of theions.

information from PL.5 helps determine the temperature of the plasma and
the manner in which the particles are distributed in space. This
information in turn helps scientists understand particle dynamics in the
magnetosphere, for example, where particles arc being lost and where
particles arc being energized.
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Energetic
Particles Detector

Plasma Wave
Subsystem

The PL.S uses seven fields of view to collect charged particles for energy
and mass analysis. These ficlds of view cover most angles from O to

180 degrees, fanning out fiom the spin axis. The rotation of the spacecraft
carries each ficld of view through a full circle. The P1.S will measure
particles in the enei gy range from 9 volts to 52 kilovolts.

The PLS weighs 13.2 kilogiams and uses an average of 10.7 watts of
power.

The energetic patticles detector (EPD) is designed to measure the numbers
and energies of ions and electrons whose energies exceed about 20 kcV.
(An electron volt, ¢V, is the unit of energy equal to the energy that an
electron acquiresin falling through an electrical potential of 1 volt.) The
EPD can also mcasure the direction of travel of such particles and, in the
case of ions, can determine theit composition (whether the ion is oxygen
or sulfur, for example).

The EPD uses silicon solid-state detectors and a time-of-flight detector
system to measur C changes in the energetic particle population at Jupiter
as afunction of position and time. These measurements will tell us how
the particles get their encrgy and how they arc tiansported through
Jupiter’s magnetosphere.

The EPD weighs 10.5 kilogsrams and uses 10.1 watts of power on average.

Particles of plasma are bound to the magnetic field. Motions within the
plasma can perturb the surrounding magnetic and electric fields. Changes
with time of the electric and magnetic fields within plasma are called
“plasma waves.” There arc « great inany different sorts of waves that
affect a plasma orarc excited by a plasma. Some of these waves can
cause particles to be lost from the magnetosphere. The Plasma Wave
Subsystem (PWS) is designed to measure the properties of varying electric
ficlds over the frequency range from Shertz to 5.6 megahertz and of
varying magnetic ficlds fromn 5 hertr to 160 kilohertz-- and to identify the
plasma waves present.

An electric dipole antenna (a sSimple antenna of the form that one often
sees to improve radio reception on Earth) will study the electric fields of
plasmas, while two search coil magnetic antennas will study the magnetic
fields. The. electric dipole antenna is mounted at the tip of the
magnetometer boom. The search coill magnetic antennas are mounted on
the high-gain antenna feed. Nearly simultaneous measurements of the
electric and magnetic ficld spectrum will allow electi ostatic waves to be
distinguished from electromagnetic waves.

The PWS weighs 7.1 kilogramns and uses an average of 9.8 watts.
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Dust Detector
Subsystem

‘;/

Engineering
Experiment

Heavy Ion
Counter

“IDust” is atermused by astronomers to describe smallgrains Of matter
found not only in planctary systems but also ininterstellar space, often
mixed in with imnterstellar clouds of gas. Dustcanbe a natural part of the
magnetosphere, or it carl come from Jupiter, the satellites, or even from
external forces lik ¢ Comet Shoemaker- Levy 9.

The Dust Detector Subsystem (D1DS) will be used to measure the mass,
electric charge, and velocity of incoming particles. The masses of dust
particles that the I11 S can detect go from 1 0 **to 107 grams. The speed
of these small particles can he measured over the range of 1 to 70 kilo--
meters per second. The instrument can measurce impact rates from

1 particle per 115 days to 100 particles per second. These particles will
help determine dust origin and dynamics within the magnetosphere.

The DDS weighs 4.2 kilograms and uses an average of 5.4 watts of power.

The heavy ion counter (111C) experiment was oniginally included on the
payload as an engincering expernmment. [t was to measure and monitor
very high-energy heavy ions (such as the nuclei of oxygen atoms) hitting
the spacecraft.

These measurements would then provide basic information on aform of
radiation that can cause random changes in aspacecraft’s electronics and
perhaps provide the basis for the design of betterradiation resistant
electronics for future missions. However, scientists soon realized that the
HIC data were useful to themn as well. For example, the heavy ions
observed by the HIC duning solar flares have been analyzed to determine
the composition of the Sun.

The HIC isreally arepackagcd and updated version of some parts of the
flight spare of the Voyager Cosmic Ray System, The HIC detects heavy
ions using stacks of single-crystal silicon wafers. The HIC can measure
heavy ions with energies as low as 6 MeV and as high as 200 MeV per
nucleon (that would be 3200 MeV for sulfur’'s charge of 16). This range
includes al atoinic substances between carbon and nickel.

The HIC and the EUV share @ communications link and, therefore, must
share observing time.

The HIC weighs 8 kilogiams.
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Radio Science

Celestial
Mechanics

Radio
Propagation

There arc two scientific experiments that usc Galileo’s radio
teleccommunications system. “Radio science” has been used for several
decades within the space science community to denote experiments
conducted in this manner. The two cat egories of radio science that will be
done at Jupiter are celestial mechanics and 1 adio propagation.

The celestial mechanics experiments usc the radio system to sense small
changes in the trajcctory of the spacecraft. The spacecraft’s radio
transmitter sends a signal at a well-known stable frequency. Any change
in speed that the spaceciaft experiences will cause the fiequency of the
radio signal received on Earih to change. The amount of change is
dependent on the changc in speed of the spacecraft, relative to Earth.
When the spacecraft passes close to Jupiter or onc of the Galilean
satellites, that body pulls on the spacecraft, causing its speed to change.
The amount of change 1 speed depends on] y upon the mass of the body
and the distance of the spacecraft from that body. Thus, by measuring the
change in frequency of the  arth-received radio signal, the mass of Jupiter
or one of the Galilcan satellites can be estimated.

The results should allow us to make a better selection of models for the
interior of the satellites. This is possible because Galileo will approach
the satellites much close: than did any earlier spacecraft, so that
gravitational effects will be stronger and easier to observe. Arrival Day
data have already confuned that 10 has a giant iron core. (See the Arrival
at Jupiter section for more of the latest science news on 10.)

The spacecraft radio signal will be vsed to investigate Jupiter’s neutral
atmosphere and ionosphere, 10’ sionosphere, and to search for ionospheres
on the other Galilcan satellites (Europa, Ganymede, and Callisto). Thisis
done during radio occultation experiments, when the Galileo orbiter passes
behind the planet o1 satellite as viewed from liarth.

The radio signal pr opagating from the spacecraft to Earth experiences both
refraction and scattering in the atmosphere ofthc occulting body. (The
atmosphere will bend and slow the radio signal by the process of
refraction; additionally, the atmosphere will diffuse the electromagnetic
waves of the sigial by the process of scatter ing.) This causes changes in
the frequency and amplitude of the signal received at a DSN tracking
station on Earth. Analysis of these changes will yield information about
the atmospheres and ionospheres of the Jovian system.
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Principal
Investigators for the
Orbiter’'s Scientific
Experiments

Anticipated results include profiles of electron number density versus
radius in the ionosphere---- and profiles of refractive index, pressure, and
temperature versus radius in the neutral atmosphere. Of particular
importance will be the multiplicity of measurements o f Jupiter’s
ionosphere at a variety of latitudes and magnetic. longitudes.

The 18-month tour of the Jovian systemn includes & occultations of the
spacecraft by Jupiter and rore than 1(1 occultations by the four Galilean

‘ngingeering Experiment
HIC

Celestial Mechanics

Propagation

Max Plauck Institut fiir
Kemiphysik

Fdwai d Stone
Caltech

John Ander son
JPl

11 Taylor 1loward
Stanford University

satellites.
_Instrument ____investigator __ Objectives .
Remote Sensing (despun)
SSI Michael Belton Galilean satellites, high resolution,
NOAO atmospheric small-scale dynamics
NIMS Roberi Carlson Surface/atmospheric composition
Il thermal mapping
PPR James Hansen Atmnospheric particles,
Goddard Institute for tlwimal/reflected radiation
Space Studies
UVS/EUV Charles Herd Atmospheric gases, aerosols, etc.
University of Colorado
Fields and Particles
(Spinning)
MAG Margaret Kivelson Strength and fluctuations of
UCLA magnetic fields
EPD Donald Wiltiams Elcctrons, protons, heavy ions
John's Hopkins Al>| o
PLS 1 .oulrank Composition, energy, distribution
University of lowa of ions
Pws 13onald Gurnett Electromagnetic waves and wave
University of lowa pariicle interactions
DDS Vberhard Griin Mass, velocity, charge of

submicrometer particles

Spacecraft charged-particle

environment
Masses and internal structures of
bodies from spacecraft tracking

Satellite radii and atmospheric
structure from radio propagation
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The Galileo Probe

5

On Arrival Day, the Galileo probe achieved essentially al its mission
objectives. Ithad been designed and built to sample and measure Jupiter’s
atmosphei e (sec I'lobe Science Results section). The probe, with a mass
of 339 kilogramns, was cariicd aboar d the orbiter until its release in July
1995 for entry into the Jovian atmosphere on December 7, 1995. The
probe carried a complement of six scientific instruments from which data
were sent to the orbiter foriclay to Farth.

The probe did not have an enginc o1 thrusters so it could not change the
path set for it by the orbiter. The probe was spin- stabilized, achieved by
spinning the orbiter up 1o 10.5 rpm before release. “J here was no
communication between orbiter and probe during the coast to Jupiter
because the probe had no capability to 1eceive radio signals. And it could
only transmit after atmospheric entry.

The probe consisted of two main par ts, the deceleration module and the
descent module. The deceleration module was required for the transition
from the vacuum and cold of interplanetary space to the intense heat and
structural loads to be incurred during ahypersonic entry into a planetary
atmosphere-—and from a speed of tens Of kilometers per second to a
relatively placid descent by parachutce. The descent module was the part
that carried the scientific instiuments and supporting engineering
subsystems that collected and transmitted priceless scientific data to the
orbiter flying overhead

The probe was managed by NASA’s Ames Rescarch Center. Hughes
Space and Cominunications Company (formerly 1 Iughes Aircraft
Company) designed and built the probe, L.ockheed Martin Hypersonic
Systems (formerly General Electric Re-Entry Systems Division) built the
probe’s heat shield.
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'~
N
Descent
] Module
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Riser
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PRIOR 70 AND DURING ENTRY DURING DESCENT
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Deceleration
Module

Descent

Module

Engineering
Subsystems

At entry, the probe’s exterior resembled a blunt cone with a base
1.3 metersin diameter and a conical (balf) angle of 45 degrees. The shape
followed closely the design of the Pioneer Venus large probe.

The high-speed entry of a probe requires protection from the heat of entry.
Heat shields have been used for this purpose since the early days of the
space program. The materials used for the Galileo probe's two heat
shields-—carbon phenolic for the forebody shield and phenolic nylon for
the afterbody shicld- --have been widely used for Yarthie-entry vehicles.
Temperatures of 14,000 kelvin were generated during the Galileo probe's
entry into the Jovian atmosphere. }For comparison, the surface temperature
of the Sun is about 6000 kelvin.

The parachutes were used for two key functions, separating the
deceleration and descent modules and providing an appi opriate rate of
descent through the atmosphere. Before deployment of the main chute, a
smaller, pilot parachute was fired at 30 meters per second by a mortar to
start the deployment process The deployment occurred in less than

2 seconds, pulling away the aft cover and unfurling the main chute. The
main parachute's diameter was 2.5 meters. The canopy and lines were
made of Dacron and Kevlar, respectively. Once the main chute was fully
deployed, the forebody shield (acroshell) was jettisoned.

The Galileo descent module, carrying the six scientific instruments, was
not hermetically sealed against the influx of the Jovian atmosphere (unlike
those designed for Pioneer- Venus). The need to save weight was a factor
in this decision. ) lowever, certain equipment was henmetically sealed
within housings designed to withstand pressures up to 20 bars and tested
to 16 bars.

The bar isaunit of pressure. approximately equal to the atmospheric
pressure of the Farth at mean sea level. (The Greek word “barys™ means
“heavy,”) One often sees terrestrial weather data expressed in millibars

(1 000 millibars equall bar), abbreviated “rob.”

The engineering subsystems of the probe were those systems that
maintained the scientific instruments in good health; furnished their
commanding, thermal, and electrical needs during descent through the
atmosphere.; and processed and transmitied the resultant scientific data to
the orbiter. To elinunate single-point, catastrophic mission failures, the
probe was designed with redundant electrical and electronic subsystems.
Two simultaneous data st reams flowed from the inistruments to the orbiter.
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Communications
Subsystem

Power Subsystem

Command and
Data Handling
Subsystecm

The communication subsystem provided two ] - band channels. (1,-band is
aregion Of the radio spectrum is effective for transmission through
Jupiter’s atmospher ¢.) The two channels for the probe were at 1387.0 and
1387.1 megaheriz. Both channcls transmitted their signals through a
crossed-dipole-pair antenna,

The relay radio hardwarc (RRH) facilitated the communications link with
the probe. Mounted onthe orbiter, the RRH] antenna was a 1.1 -meter,
steerable, parabolic dish.The RR}} digital receivers tracked the highly
dynamic probe signals and processcd them for storage on the orbiter’s tape
recorder and extended computer memory.

Once free from the orbiter, the power for the probe came from chemical
energy stored in thiec battery modules, containing lithiunvsulfur dioxide
(LiSO,) cells. (1 hese batteries had about 22 amp hours; your car battery
might have about1/20th as much.) Additionally, a redundant set of
thermal batteries provided the high-amperage cursent to fire the
pyrotechnic hardware required during entry deployment events. The
Power Subsystem also conti olled energy distribution to the engineering
subsystems and scientific instruments.

As the name indicates, the Command and Data Handling (C&DH)
Subsystem refers to the t wo primary information components of a space
mission: commands and data, The ( '&IDH Subsystem consisted of the
data and command processot, the pys otechnic control unit, and the
acceleration switches. En route to Jupiter, it processed and interpreted
commands from the orbiter during p1obe tests, some of which were done
just prior to separation.

After separation, the Command and 1 ats Handling Subsystem was in
charge of issuing all commandsinteinal to the probe,. However, the probe
was intentionally placed in a quiescent state during its 5-month coast
period. During this inter val, only the coast timer circuitry was powered,

At the end of the coast, 6 howrs befor e atmospheric entry, the timer wound
down to zero and “woke up” the probe. During tile descent through the
atmosphere, a sequence of commands stored in non-volatile, read-only
memory was executed. Jhconjunction with the design philosophy
mentioned above, two electronic “strings” (or channels)

were implementedinthe Coinmand and Data Handling Subsystem.

Prior to entry, a self-test function was exercised. The probe’s computer
successfully passed this test.
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The science instruments directly sampled the atinosphere and near-Jovian
environment on the day of Galileo’s artival at Jupiter.

The primary purpose of the atmospheric structure instrument (ASl) was

to determine how the temperature, pressure, and density of the atmosphere
vary with dtitude. The ASIwas designed to take measurements from about
1000 kilometers above the clouds down to the end of the probe mission.

The instrument package consisted of acceleration, temperature, and pressure
sensors and associated clectsonics. The temperature sensor had a range from
O to 500 kelvin. (1 he mcan temperature on Earth’s surface is approximately
300 kelvin or 80 degrees Fahrenheit.) The pressur ¢ sensor was designed to
cover awide range of pressures from 0.1 to 28 bars. The pressure sensors
were Similar to devices used on the two Viking, missions to Mars. Their
reliability had been demonstrate.ci through operation on the surface of Mars
for several years.

The third type of sensor in the AS|, accelerometers, covered a wide range of
measurements: from onc millionth of agto 400 g. (A “g” is the accelera-
tion that gravity produces at the surface of the ka1 th and is equal to

9.8 m/s.) Accelerations arc sensed in three dimensions so that the total
acceleration of the package isknown. Acceleration data yield information
about the effect of atmospheric t ur bulence on the probe.

The experiment mass was 4.1 kilograms, and the average experiment power
was 6.0 watts.

The composition of the atmosphere of Jupiter had been studied intensively
with ground- and space-based obser vations, but many questions remained.
The neutral mass spectrometer (NMS) was designed to provide a detailed
analysis of the chemical comiposition of the atmosphere and aid in
understanding the. processes responsible for the. complex, colorful clouds.

The Galileo probe uses aguadrupole mass spectrometer. In this device the
ions are passed between four parallel rods. These rods have a combination
of DC and AC voltages that allows ions of a certain mass to pass through,
while rejecting the rest. During descent, the voltages arc adjusted to allow
different masses to pass through.

Atmospheric gases entered the mass spectrometer through two inlet ports at
the apex of the p1obe. These ports wetr ¢ sealed by metal-ceramic devices
and kept under a vacuum until the probe entered the atmosphere.
Pyrotechnic devices then released the covers, allowing atmospheric gases to
enter and be pumped to the test cells.

The instrument weighed 13.3 kilog: ams and consumed about 25 watts.
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The nephelometer (NEP) was used to investigate the structure of clouds
and the characteristics of particlesin the atmosphere of Jupiter. (In Greek,
the word “nephelc’” means “cloud.”) Knowledge of cloud properties
allows modeling of the paths of energy balance for Jupiter.

The detailed scicntific objectives of the NEP are tied to altitude, as
measured by pressure, within the atmosphere. The NEP was designed to
map cloud structures 10 aresolution of 1 kilometer from 0.1 to 10 bars.
Also, the NE]’ mcasured the number’ s and dimensions of particles and
determined, by their shape, whether they were in the liquid or solid (ice)
state.

‘The NEP fired alaser beam from the probe through cloud particles

adjacent to the probe. A detector on anarm extended away from the probe
measured the scaticred light at differ ent angles.

The instrument mass weighed 4.7 kilograms and operated on an average of
11 watts.

For the lightning and radio cinissions detector/cliel getic particles
instrument (LRD/EPT) mvestigation, two instruments shared the electrical
systcm that collected the 1 .R1) data— together with the scaling, data
processing, and data formatting of the EPL

The LLRD searched for lightning during its de.scent through the atmosphere
of Jupiter and also measured the radio-fiequency noise spectrum of the
atmosphere (the amount of radio enet gy asa function of frequency). In
addition, the LRD made radio-frequency measurements as the probe
approached Jupiter, at about 4, 3, 2, and 1 planctary radii.

The LLRD hardware consisted of threc basic sensors, Onc sensor was a
radio-frequency antcnna that measured in the frequency range from

10 hertz to 100 kilohertz. The lightning sensors operated in the optical
range. Two sensitive photodiodes were placed behind two fisheye lenses
that looked out perpendicular to the spin axis of the probe, 180 degrees
apart, to give full coverage.

The EPI experiment studied the inner portion of the magnetosphere (the
region within 5 radii of the planet) and the outer ~c.aches of the Jovian
atmosphere. The ob) ccts of th is study were four species of particles:
electrons, protons, alpha particles, and heavy ions (atomic number greater
than 2). (An apha particle is the nucleus of a heliun atom, which is
composed of two protons and two neutrons.)
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The EPI made omnidirectional measurements of particles. Samples were
taken at 5, 4, and 3 Jupiter radii, then continuously from 2 radii to entry of
the atmosphere. "The EPI could countup to as many as3 million particles
per second.

The EPI’s silicon detectors were mounted at the end of a telescope tube.
The telescope was aligned at an angle of 4) degi ecs to the spin axis of
the probe.

The experiment mass was 2.9 kilogy ares, and average power was 3 watts.

The atmosphere of Jupiter is composed primarily of hydrogen and helium,
The helium abundance detector (HAD) had the ability to measure very
accurately the abundance ratio of heliuin to hydrogen. The uncertainty in
the ratio was expected to be 0.0015, mor e than 1() times smaller than the
best current Voyages uncertainty.

The optical properties of a substance are afunction of its composition.
The HAD instrument made the measureinent of the abundance ratio by
determining the refi active index of the Jovian atmosphere over a range of
pressures from 2.5 to 10 bars, The measurements were done using an
optical interfer omcter.

The mass was 5 kilograms, and the instrument consumed 1 watt.

Pioneer and Voyagcispacecraft passing by Jupiter measured radiation
leaving Jupiter’s cloud tops, but we could only guess about the nature of
radiation within the atmosphere. In conti ast, the net flux radiometer
(NFR) in the probe was designed to directly sample the local energy flows
within and below the Jovian cloud layers.

Asthe probe. descended through various atmospheric layers, observable
changes in the net 1adiation flux were anticipated, The temperature
differences that tend to arise fi om the radiative beating and cooling would
produce buoyancy differences and, ultimately, winds. During the descent
into a continuously hottes and denser atrmosphere, the NFR rapidly
aternated between look ing uprward and looking downward. Measuring
the difference in 1adiation intensity between these two views would
determine the amount and dit cction of the net flow of radiative energy.

Radiation from the Jovian atmospherc entered the instrument through a
diamond window. The NFR had six lithium tamtalate pyroelectric
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Doppler Wind
Experiment

Probe Scientific
Experiments

detectors viewing through filters extending, from the visible to
infrared wavelengths.

The NFR had amass of 3.4 kilograms and used an average of 13 watts
during descent,

The Doppler wind experimenta)WE) measured the winds in the
atmosphere of Jupiter by using the 1)oppler effect. As the probe was
buffeted by winds during the descent, the frequency of its radio signal
changed, indicating’, the probe’s velocity and providing data about the
winds. Voyager data showed winds of 100 meters per second (about
200 miles per hour) at the top of the clouds. An analysis of the Doppler
effect on the probe radio signal can tell us about winds deeper in the
atmosphere and the source of energy that drives them. Is the source solar
or dots it come from heat welling up from the planet itself?

Experiment Principal investigator,
institution

Objectives

Atmospheric Structure Alvin Seiff,
San Jose State University

Foundation

1 emperature, pressure,
density, molecular weight
profiles

Neutral Mass Spectrometer  Hasso Niemann,

NASA Goddard

Ulf von Zahi1,
Institut fur Atrnospharenphy sik
an der Univesitit Restock

Chemical composition

Helium Abundance Helium/hydrogen ratio

Nephelometer BorisRagent,
San Jose State University

Foundation

Clouds, solid/liquid
particles

Net Flux Radiometer

Lightning and Radio
Emissions/Energetic
Particles

Doppler Wind Experiment

Latry Sromovsky,
University of Wisconsin

Louis Lanzerotti,

Bell Laboratories, and
Klaus Rinnert,

Max Planck- Institut fiir
Acr¢mone

Harzld Fischer,

Institut fur Reine und
Angewandte Keinphysik,
Universitidt Kiel

Dave Atkinson,
University of Idalio

Thermal/solar energy
profiles

Detect lightning,
measure energetic
particles

Measure winds, learn
their energy source
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SECTION 6

ARRIVAL
AT
JUPITER

So Much To Do

Arrival Day Events
December 7, 1995

It was a day of anticipation- tension too--as the men and women of
Project Galileo watched and waited. The presence of NASA dignitaries,
friends and families; and the press, supper-tecl by television crews,
contributed to the excitement. Data telling the story of events happening
over 900 million kilometers away took 52 minutes (the one-way light time
for aradio signal to traverse the space between Jupiter and Earth) to be
received by the Jet I'repulsion laboratory via the 1)eep Space Network
stations. During the long day, experis analyzed the precious stream of
data; then commentators vividly por trayed the news of spacecraft and
probe activity for viewingon television monitors throughout the
Laboratory. Word of the ongoing success of the mission circled the
globe, headlined in newspapers and television. By evening, the
celebration was on. All had gone well. There had been no surprises!

The 24 hours of Arrival Day---December 7, 1995-- were the busiest of the
whole mission. The orbiter flew close to two of the Galilean satellites,
listened as the probe plunged into the atmospher ¢, and performed a large
burn to slow itself’ down and get into orbit.

EUROPA FLYBY

sun1 EARTH (32.M

P *\>, / ORBITER
-~ lo FLYBY

/-’ 27 (3,000 km) \

BEGIN FROBE FIRE-ENTRY SCIENCE

\

PROBE

=
T JUPITER 59R,
9.4Ry

ONE WAY LIGHT TIME =52 mir

EVENY TIMES (UTC €@ 8/C)
EUROPA C/A 1308
10 CIA 17:46
JUPITER C/A 21:54
PROBE ENTRY 2294
SUN RELAY START 22:07
“{la="" OCCULTATION ALY CHECK l';‘ 22:12
- RLY CHECK €2  22:24
EARTH ZONE RELAY END 2322
JOI START [12/4) 00:27
JOI END {12/8) 01:16

“ CHECKS §F RVCR IN LOCK

OCCULTATION.
ZONE

Amnval at Jupiter . Page 47




We Fly By The orbiter passed about 32,500 kilometers from Europa and will return
Two Moons for in-depth study threc timmes during its 2-year stay in the Jovian system.
A Less than 5 hours after 1 uropa, the orbites flew by 10 at about

900 kilometers (559 miles). Because of the tape 1ecorder problem, no
pictures (which require high tape recorder rat es) were taken of either
moon. For 10, especially, thisis a great loss. (Currently, there is no plan
for further close encounters because of the intense radiation, but Jo will be
monitored from intermediate ranges throughout the tour.) The tape
recorder was able to record (at alow rate) fields and particles data on the
10 plasma torus fo1 3 and 1/2 hours, ending 1/2 hour after closest
approach. The tapc recorder stopped 1/2 hour after the 10 flyby and
waited for the probe relay.

10 Has Yes, we now know the theory to be true. 10 has aniron core. It is dense

An Iron Corel and gigantic, taking up half of the moon’'s diameter. Scientists took
advantage ofthis closest approach by any spacecraft to conduct a celestial
mechanics experiment (sce Radio Science, The Galileo (h-biter section).
The pull of 10's gy avitational field altered the orbiter’s speed slightly,
causing changes in frequency of the signal radioed to Earth. Analysis of
the data indicates that 10 has a two-layer structure, ametallic core
(probably made of iron and iron sulfide) about 900 kilometers (559 miles)
in radius, surrounded by partially molten rock and crust. The core was
probably formed from heating in the interior of the moon, either when it
originally formed o1 asaiesult of the perpetual tidal heating driving its
volcanoes.

The Core Revealed

And A Surprise! Besides verifying the existence of [0's core of iron, Galileo's

M agnetospher e? fields and particles imstruments detected alarge bubble in Jupiter’s magnetic
field near this moon, a region where Jupiter’ s nominal magnetic field
seemed to disappear. (Infact, the magnetic field (hanged orientation
dramatically!) This phenomenon sometimes indicates that two magneto-
sphere’'s are in contact with onc another. Now we wonder, “Does 10
generate its own magnetospher ¢?° If so, it would be the only known moon
to have one. There is a'so mounting evidence that lo is the source of the
amazing high-velocity dust st camsappart entl y coming from Jupiter.
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A Close Approach  When the orbiter c¢10ssed 10's mbit, the probe had already been awakened

The Probe
Descent

from its 150-day cruise, Amn hour later, its first instrument (LRD/EPI)
began measurements of thc high energy particles encircling Jupiter.
About 4 hours aficrleaving 10, the orbiter made i!'s closest approach to
Jupiter. The radiation was intense, perhaps 25 times more than is deadly
for humans. in fact, a third of the total expected radiation dose for the
whole 2-year tour at Jupiter might have been absorbed on this one day,

What really happened? Star scanner data suggcested that the radiation flux
had a different profile than prelaunch expectations. Further analysis can
be made after we1cceive the Arrival Day fields and particles data
(awaiting playback from the tape in mid-June). Mecanwhile, there is no
evidence of any radiation-induced anomalous effects; the spacecraft and
its instruments have been and continue to perform normally.

Eight minutes after closest approach to Jupiter, the tape recorder started
again in preparation fo1 storing probe data and engineering data from the
Jupiter orbiter insertion (JO)) maneuver. The orbiter was 215,000 kilo-
meters (134,000 miles) above the probe---rcady for the radio relay.

Three minutes later, the sturdy probe withstood a structural load 230 times
the acceleration force of Earth gravity as it slamined into the top of
Jupiter’s atmosphere at the comet-like speed of 170,0()() kilometers per
hour (106,000 miles per hour), Almost3 minutes into entry, the probe had
slowed enough to deploy its parachutes anti drop what was left of the heat
shield, exposed to temperatures twice as hot as the Sun’s surface.

(The parachute deployment occurred nearly a minute late.)

Thirty-five seconds later, the probe began to transimit its data (much of it
redundant) to the orbiter at 128 bits per second pes string, (channel). The
probe transmitted 1eporis on the sunlight and heat flux, pressure,
temperature, lightning activity, winds, and composition and structure of the
atmospheric, as well asenergetic pat licles measut ements acquired during
pre-entry. Only traces of the anticipated ammonia and ammonium
hydrosulfide cloud layers were actually detected.

Some 8 minutes afier it enter cd the atmosphere, the probe was expected to
approach the tops of water clouds, but none were encountered. The probe
experienced stronger winds than expected, but only slight evidence of
distant though very intense lightning.
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The probe’ s internal temiperature was more closel y coupled to that of the
atmosphere than had been expected. Consequentl y, the science instrument
temperatures excecded operational limits. Nevertheless, al the
instruments worked. ‘ To confirin the accuracy of the data acquired by the
instruments at lower altitudes and undei these extreme conditions,
scientists plan to 1ecalibrate some of the flight spares, tested to the actual
temperature profile experienced by the probe.

Thirty-two minutes pastentry, the orbiter’s articulated relay radio antenna
slewed to compensate for the probe’s changing position below it. The
spacecraft slewed three more times at 10-minute intervals to maintain
lock. The probe continued to transmit data for 57.6 minutes until the
24-bar level (152 degrees Celsius and 140 kilometers below the 1 -bar
pressure level).

The Fate of the Scientists believe that asit continued to fall into the planet after

Galileo Probe completion of its mission, thc probe melted, then evaporated in the intense
heat (at the 5000 -barlevel, 1 700 degrees Celsius), It was reduced to its
atomic components and is now one with the atmosphere of Jupiter.

[} Provy oty (Ui, JU 7l Lars, 150 )

The Probe Fulfills
Its Mission

Cloud I
(8.1 mln, 1.6 bars, -13 km)




JOI—
A Critica)
M aneuver

Earth
Occultation

Unlike other maneuvers the orbiter had done, there was only one chance to
get JOI right. Ancrrorcould have sent Galileo into faraway space! The
orbiter spun up to 10.5 rpm as soon after completion of the probe relay as
possible to guarantee orientation and stability during the bum. The orbiter
then fired the 400- newton engine to slow its speed.by 643 meters per
second. The burn, which began 73 minutes after the end ofprobc relay,
lasted 49 minutes. Theexpert 1SN tracking, on-target navigation
(without the usc of optics, since imaging had been eliminated during
approach), and a perfect JO] placed Galileo in the desired orbit.

Nine hours after engine cutoff, Earth disappeared behind the disk of
Jupiter. Fifty mninutes later, the Sun passed behind Jupiter, too, and the
orbiter was in darkness for the first timein years. Finally, after

3 and 1/2 hours of radio silenice, the Earth reappcared to the orbiter, and
contact was recstablished. The Sun reappeared 47 minutes later. The
orbiter was now onits 7-month first orbitin the Jovian system.

Galileo had arrived !
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SECTION 7 Under surveillance. by telescopes here on Earth as well as the Hubble
Space Telescope, the obser vations show that the probe apparently entered
the highly variable atmosphere of Jupiter near the southern edge of an
infrared “hot spot, ” All the instruments operated successfully. The return
of the probe mission data, stored on the orbiter’s computer memory and in
the tape recor der, was completed on April 15 and April 20, respectively.
Scientists reported their preliminary results at a January 22 press
conference. By March1§, 1996, in time for the I.unar and Planetary
Science Conference in Houston, Texas, they had arrived at their current

PROBE understanding.
SCIENCE
RESULTS What did we learn from the probe data? Comprehensive analysis will

take years. At this time, we canlook at the preliminary findings; they
give us some answers to the character of Jupiter’s atmosphere--and even
more questions.

An Artist's View of
the Probe’'s Descent

NASA Ames Rasearch Cenler
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Atmospheric
Structure

Structure of
Jupiter’s Atmosphere

The pressure, temperature, and density structure measur ements by the
atmospheric structure instrument (A S1) during descent are fundamental to
understanding Juptter’s atmosphere and essential in the interpretation of
results from the other experiments. Evidently, the atmosphere of Jupiter is
much drier than anticipated, based on other data (Voyager and comet
Shoemaker-1 .evy 9). Rather than finding a water abundance twice that of
the Sun (based 011 the Sun’s oxygen content), it appears that the water
abundance of the Jovianatmosphere isless thanor about onefifth that of
the Sun.

Temperatures in the upper reaches of the. atmosphere were much higher
than could be accounted for if sunlight were the onl y heating source; some
other sour-cc of heat must exist. Pressure readings in the upper atmosphere
also show a region more dense than predicted. in the lower regions,
temperature increased with pressure about as expected, although at a
dightly lower rate. Thisimplies that deeper regions of Jupiter’s
atmosphere may not be canvective as previous] y thought. Scientists look
to the probe data to better understand the influence of internal heat pouring
forth from Jupiter’s core.

T Earth N
sea level 3
Scuba

diver limit —

: Earth ocean

' 3

‘ .
‘

1

Temperature, Fahrenheit
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Helium
Abundance

Chemical
Composition

Composition:
A Tracer for
Planetary History

Data from the helium abundance dctector (11AD) reveals that the mass
ratio of helium to hydrogen isabout 24 percent, close to the value of the
primordial Sun- when the solar systein was forming, The theory of
planetary evolution mwst now take into account the fact that there has been
httle change 10 helium abundance in the Jovian atmosphere since the birth
of the solar system. Also, helium has not rained drew] or settled toward
the center of the planet as much as it seems to have done on Saturn, where
the ratio isonly 6 per cent.

And what of the other one percent? The neutral mass spectrometer (NMS)
detected the presence of heavy elements---carbon, nitrogen, and sulfur—
suggesting that meteorites and other small bodies have contributed to the
planet’'s composition. }'ew complex organic compounds (based on carbon
and hydrogen) were evident so the likelihood of finding life as we know it
here on Earth isextremcly remote. Oxygen ishighly depleted relative to
the abundance on the Sun, a1 esult that will force new ways of thinking
about Jupiter’s formation and evolution.

Alnwsphzrig

e

Svlar
«impact enrichment ..
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Clouds

Thermal/
Solar Energy
Profiles

Jupiter’s Clouds

Net Radiation Fluxes

The nephelometer (NEP) data surprised scientists. None of the expected
thick, dense clouds werc found! Concentrations of cloud particles and
haze in the immediate vicimty of the p1obe were minimal. NEP’s laser
beam detected only one distinct cloud structure, possibly the expected
ammoniut N h ydiosulfide cloud layer. Yetobser vat ions from Earth and
Voyager indicate that Jupiter is enshrouded with clouds. Scientists
thought there would be three cloud layers: an upper layer of ammonia
crystals, amiddle layes of ainmonium hydrosulfide, and a thick bottom
layer of water andice crystals. It may be that the probe site was

not typical.

The net flux radiometer (NFR) apparently detected the bottom part of the
ammonia cloud layer by messuring the decrease in direct sunlight as the
probe descended. These clouds would have been at some distance from
the probe. The NFRinfiarcd radiative flux channels measured energy
fluxes consistent with the dry atmosphere.

= *~

A Ammonia we cloud?

._\"ijf *
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Lightning

A New
Radiation Belt

Energetic Particles
I nvestigation

The lightning and radio emission detector found no evidence of lightning
flashes in the vicinity of the probe, Radio signals revealed distant
discharges— perhaps one Earth diameter away but much stronger than
those on Earth. Apparently lightning is 3 to 10 times less common per
sgquare kilometerper hour than on }arth. Since lightning is believed to
produce organic compounds, these findings support the dearth of such
molecules found by the neutral mass spectrometer.

As the probe passed th: ough the region between Jupiter’s ring and the
upper atmosphere during the 3 hours before entry, the energetic particle
instrument (}:I'1) made a surprising discovery. 1t detected high-energy
helium atoms (source unknown) and aradiation belt about 10 times as
strong as the Earth’s Van Allen radiation belts. A study of this
phenomenon will give scientists new insight into the high-frequency radio
emissions from Jupiter and other objects in space that also have
magnetospheres and trapped radiation.

TR R L pp—
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Strong Winds

The Doppler Effect

An Atypical
Entry Site?

Finally, the Doppler wind experiment indicated that zonal (east—west)
wind speeds ncar clouds levels are about 540 kilometers per hour

(330 miles per hour). Winds just as powerful exist at the top of the clouds,
according to 1 Iubble Space ] clescope observations. Until the probe
descent, the wind activity below the clouds had been hidden from view.
Using the Doppler effect, the changes in the frequency of the radio signal
from the probe as it floated downward amidst turbulent currents told the

story of vertical varnationinwind strength.

Toward the end of the mission, deep winds sustained 680 to 720
kilometers per hout (425 to 450 miles per hour). “I’ his consistency in wind
speed suggests that the intense heat 1adiated from the interior of the planet

isresponsible for the strong winds.

is affected by )
probe speed

Were conditions at the probe entry point t ypical of the planetary
environment? 7o find out more about this, the measurements acquired by

the six probe instroments under these unique circumstances will be
augmented by a broad range of data fi om orbiter science instruments

during the Jovian tour.
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SECTION 8  The Jovian tour is a series of targeted encounters with the Galilean
satellites. In preparation for the tour, the gravity assist from the Io flyby
and the Jupiter orbit insertion (JOI) maneuvered the orbiter for the first,
and by far the longest (nearly 7 months), highly elliptical path about the
planet. Galileo is now on its way to a close encounter (500 kilometers)
with Ganymede on June 27,1996.

A glance at the figure below will show you the series of 11 flower-petal-
shaped orbits for the tour. A total of four encounters at Ganymede, three
THETOUR at Europa, and th ec at Callisto are planned. After the first encounter, the
orbits will be much shorter, and the time for each will range from 1 to
2.5 months. After the mission has been completed (December 1997),
Galileo will cent inuc to orbit Jupiter for probabl y thousands of years.

Satellite Tour
Petal Plot
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A Typical Tour
Is. ..

Tour Highlights

The Orbiter
At Work

First, how do we name an o1 bit? “Orbit MN”- where “M” is the first
letter of the moon (C, k, 01 G for Callisto, Buropa, or Ganymede) and “N”
numbers the orbits from 1 to 11 (the insertion orbit counted as zero)—
actually names the set of observations and spacecraft activities performed
during each satellite encounter period of the tour. G 1is the encounter at
Ganymede and begins the second complete revolution around Jupiter.
Since the orbit insc1tionmaneuver, Galileo has been in the first orbit
around Jupiter, JO, on its way to Ganymede. Fora listing of the
encounters, scc the table below.

Satellite Date Altitude Altitude
Orbit  Encounter ure) (km) (miles)
1 Ganyimede Junc 27, 1996 844 524
2 Gan ymcde September 6 250 155
3 Callisto November 4 1104 686
4 Europa December 19 692 430
(5) (Solar conjunction) (noclose flyby)
6 Europa February 20, 1997 587 365
7 Ganymede April 5 3059 1901
8 Ganymede May 7 1585 985
9 Callisto June 25 416 258
Magnetotail August &
Apojove
10 Callisto September 17 524 326
11 Europa November 6 1125 699

What will the orbiter be doing during, the satellite tour? Each orbit is
divided into an encounter petiod of approximately one week and a cruise
period of several weeks duration, the remainder of the orbit prior to the
next encounter (see figure, Typical 01 bit, -1 1 ‘0 2 Months). During parts
of each encounter period, Galileo will be recording data at high rates onto
its tape recorder in addition to returning real-time. ficlds and particles data.
This recorded data will include images, ultraviolet and infrared spectra,
and high-rate fields and particles measurements (especialy around closest
approach to the targeted satellite for that orbit). | during the cruise period
of the orbit, the recorded data will be played back to Yarth, interspersed
with real-time ficlds and particles data.
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Typical Orbit
-1 to 2 months

The Science
Opportunity

FIELDS AND

YO EARTH
PARTICLES DATA

s ;’
DATA

ENCOUNTER PHASE 3’«1 WEEK
mon-ﬂns DATATO | PLAYBACK PHASE -
TAPE RECORDER | DUMP TAPE RECORDER

PROCESSED )
TAPE DATA ,5

¥ FIELDS AND
] PARTICLES DATA -~

The principal science elements forat ypical orbit are remote sensing of the
Galilean satellites and Jupiter atmosphere (performed primarily within a
few days of each satellite encounter) and in situ measurements of the
magnetosphere, acquired continuously but with higher resolution near the
satellite encounter and during Galileo’s trip down Jupiter’s magnetotail
(between C9 and Cl 0). Mosl of the remote-senising data will be recorded
for playback between encounters, although some NIMS and UVS
measurements are sent in the real-time stream. Fields and particles
measurements, the core of the magnetosphere data, will also be recorded
during encounter, as well as being edited for nea~-real-time inclusion in
the downlink.

Three working groups-- Atmospheres, Satellites, and Magnetospheres—
have been established toneet the. science objectives of the tour (see The
Galileo orbiter section). Each group has its own focus and needs for
acquiring and retrieving data. But as you can imagine, there are
restrictions on just how much data is available for each discipline. So the
working groups bargain and make trades to deal with the operational
l[imitations imposed by the arnwount of tape recorder space available, the
number of bits of data that can be returned to Earth prior to the following
encounter, and the a1 nount of spaceci aft memory available to retain the
observing /enginecering sequences.
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Aiming the
Spacecraft

Getting a Lift!

How will the Project Galilco team “steer” the spacecraft so that it will
encounter the other Gablean moons? Rocket propulsion could have done
the. job, but the amount of propellant required to perform the maneuversin
Jupiter’s strong gravitational field would have added too much weight to
the spacecraft. Remember VEEGA? (See The Journey to Date section.)
Yes, gravity-assist will be the answer. At each encounter, the gravitational
force of the satellite will be used to alter the course of the orbiter—and
this technique requires only a small amount of propellant to fine-tune the
spacecraft path. The entire t our can be flown so that thrusters need to
supply a change inn speed of only about 100 metets per second, 60 times
less than would otherwise be needed, We think of this trajectory design as
a 10-cushion shot in a celestial billiard hall game! (1f you could make
very small corectionsalong the way.)

Both radio tracking and optical data are required to navigate the orbiter.
Special navigation passes at ¢ provided three times a week and more often
around orbit trim maneuvers (OTMs) and satellite encounters. Frequency
depends on the spacecraft, the target body, and star geometry and on the
OTM schedule (three 01 “Ms pet orbit). Post encounter (-1 3 days) will
typically be used to cori ect the previous satellite. encounter flyby energy.
The maneuvess for apojove and before encountess (- 3 days) are typically
used to target to the next satellite encounter.,

This critical steering, of thespacecraft started in the vet y first orbit. The
400-newton engine was called upon for the third and last time to change
the course of Galilee). OnMarch 14, 1996, it pcrformed the perijove raise
maneuver (PJR). ‘1 he same as with the ODM and JOI, the 400-newton
engine did its job well, this time doubling the orbital speed of the
spacecraft while it was at apojove, its greatest distance from the planet.
And PJR raised the spacecraft from 4R, to 9 R, (Jupiter radii) for its
closest approach.

Why was this mancuver essential? As you know, Jupiter has an intense
radiation belt that could damage the science instruments and the orbiter
itself. Galileo was designed to withstand 150 krad, alethal dose for
humans. On arrival, the orbiter was subjected to this radiation hazard
following the 10 flyby when it reached perijove (closest approach) at an
altitude of 215,000kilometers or about 3 R;(4 R, from the center of the
planet). There was no damage at that time (except for temporary radiation
saturation of the star scanner), but repeated doses of radiation could and
probably would be a different story. That is why PJR was performed.

To limit further radiation exposure, PIR raised the perijove during the
eleven tour orbits to near that of Europa’s orbit, about 600,000 kilometers
above Jupiter.
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Pointing the
Spacecraft

Tele-
communications

Arrayed Antennas at

Canberra

Other spacecraft hou sekeeping chor esinclude attitude maintenance to
keep the spat-ccraft pointing within 4 degrees of Farth for telecom link
performance and enginecring monitoring. Real-time engineering (RTE)
data is supplied at cither 2 or 10 bps (the lowerrate is nominal). On most
orbits, special turns of the spacecraft are planned to alow the scan
platform mstromentstoview parts of the sky which are otherwise blocked
by the booms or main body of the spacecraft. These turns are called
“spacecraft inertial turns” o1 SITURNS, but they arc more commonly
known as “science turns.” ‘1 argets that are enabled by SITURNS are
Jupiter darkside observations, such as aurora, lightning, and ring
observations. | wing the mission, 20 kilograms of propellant are
budgeted for SITURNS; atypical 90 degree turn and return costs about

3 kilograms.

Galileo’s radio puts out about 20 watts of power, about the power of a
refrigerator lightbulb. By the time it reaches the 1SN antennas on Earth, a
70-meter antennais able to scoop up only about one part in 10 to the

20th watt, in other words .00000000000000000001 watt. The Deep Space
Network (DSN) stations at Goldstone, California; Madrid, Spain; and
Canberra, Austialiaarc ready. Canberrais in the best position for
reception most of the time.  Starting in November 1996, nearby Parkes
radio telescope (not part of the DSN) will help boost coverage. New
receivers, enhanced S-band 1 cception, and the ability to array multiple
antennas all contribute to the capability of receiving these tiny signals
from the spacecraft. Not only will there be arraying of antennas at the
Canberra site (sec figure fo1 Station 42 and 43; Station 34, not shown, is
newly constructed), but also across continents when Goldstone is arrayed
with Canberra.
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Downlink

Playing Back the
Tape Recorder

Galileo's radio signal to Earth, the downhink, can be thought of as a
“pipeline.” It is our only cominunication line and must carry al the
navigation, enginccring, and science data- real-time and recorded—to the
DSN receivers for further analysis by Project Galileo.

New spacecraft software that improved telecommunications was uploaded
in the spring of 1996 (scc1he Galileo Orbiter section, Spacecraft
Subsystems, for the first software upload). This |’ base 2 software
modified most science instruments, the Command and | Jata Subsystem
(CDS), the Attitude and Articulation Control Subsystem (AACS), and
most of the Project Galileo ground data systems. The upgrade allows
editing and compression of the science and engincering data streams and
provided a buffer mg mechanism to manage the flow of data from real-
time sources anti the Data Memory System (DMS) tape recorder playback
into the downlink channel. These changes will increase the 8- to 26-bits
per second data transmission rate by 10 times.

The magnetospheric survey and paris of other high priority data sets
reguire continuous real-time science data collected at rates ranging from
19.7 to 151.8 bps. Thesc data ate stored in the multi-use buffer (MUB)
when the collection rate cxceeds the telemetry rate--- and may place
constraints on the playback process if alarge part of the buffer is required.
TheMUB isa*“/1. kilobyte region in the CDS used to temporarily store
raw real-time scieuce data, raw playback data, and processed data prior to
downlinking. Data compression contributes to the effective use of the
downlink. once data is i the MUB, Galileo’s computer (the CDS),
begins processing it, using instructions from the stored sequence. These
instructions apply specia rules that delete data not wanted and apply
specia formulas to the reinaining data to reduce data volume while
retaining the information content. ata are further encoded, using
telecommunication techniques that allow en or corr ecting of the data
received at Earth; this process permits transmission of data at a lower
signa strength.

Playback of data front the tape recorder is scheduled anytime during the
cruise phase of each orbit when the downlink is at least 8 bits per second.
The autonomous playback process shines the. available. telemetry
capability with real. time science (RTS) after the higher priority
engineering data has been placed into the downlink. Unlike RTS, the
playback process isdynamic and can 1espond to the daily variations in the
downlink rate. The playback process is initiated, paused, resumed, or
terminated through comumands in the stored sequence.
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The new software has improved the DMS tape recorder playback process.
The innovative data compression methods performed onboard the orbiter
allow retention of the most interesting and scientifically valuable
information, while minimizing or climinating less valuable data (such as
the dark backgiound of space) before trtansmission to Earth. Using a
technique called “multi-framing,” scveral images fill the dark region of
space in the single framc that formerly carried onc image. The CDS can
now collect data fr omi cach of the modified science instruments by source
(except SS1 data, comnpressed by AACS), edit ecach data stream, assemble
the data into packets, assemble packets into virtual channel data units
(VCDUs), and store those VCDUs 1 the multi-use buffer for later
downlink. One sample of about 100 seconds of data acquired by the
instrument is now equivalent to about 2/3 second of data on the tape!

Because many of the editing and selection algorithms are dependent on
data type, it is not possible to predict exactly how much time or tape space
will be used up in cach tape reading session or “gulp. ” The CDS will
continue to capture selected data from the tape until the quantity of datain
the multi-use buffer exceeds an established CDS operating parameter
caled the “high water mark.’” At this time the data are sent to the playback
processors along withtheir defined editing parameters. The tape motion
will begin again when the processed data packets have been sent to the
telemetry frame builder and the multi-use buffer level drops below the
“low water mark,” Upon that condition, the CDS will begin a new gulp
process, incrementing data pi ocessing windows as needed when new data
types are encountered on the tape recorder. Remember, al this happens
without calling home!

In what order is the data retuined? Generally, in the order it was acquired,
but spread over the sever al weeks of the orbital cruise. So data recorded
in the first day or so of the encounter will be played back in the first week
or so of cruise, and datarecorded on the last day of the encounter will be
played back in the last week or so of cruise. An interesting but also
complicating characteristic of Galileo’s playback processis that the
achieved compression is not deterministic—— probably not predictable to
within better than days as to exactly when a given data set will be

returned,

The following figures tell the story of the pipeline from Galileo to Earth.
In the figure on the top, the playback process begins with both the DMS
(tape recorder) and real-time science flowing data into MUB until the
level hits the high water mark (HWM). The middle figure shows us that
when the MUB is filled, the Cl )S staris processing the data by means of
algorithms. The bottom figure illustrates the processed data, now chunked
into packets, flowing down the pipeline.
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PLAYBACK PROCESS BEGINS WITH ( e e gg;;i)m

TAPE RECORDER POURING DATA
INTO MUB UNTIL IT'S FUU

Filling the
Downlink Efficiently

: ”W AAAAAA

PROCE SSING U

ALGORITHMS E T[m :

WITH THEMUBFILL |I-D, THECDS

S1 AR1S PRQCESSING THE DAL A g

1 HROWING OUTUNNEEDE O DAT A
AND COMPRESSING THE REMAINDER

PROCESSING
ALGORITHMS

TO DOWN LINK
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DOWNLOADED
The Trip Where and when will events take place? Project Galileo has prepared
Detailed Quick-Look Orbit Factssheetso help youtrack our itinerary.

The time of arrival, the altitude and position at the time of closest
approach, and the science highlights are just a few of the facts you ’11 have
handy for each orbit. Maps of the encounter trajectory and the flyby
geometry for each encounter offer some visual relief and point the way.
A timeline summarizing the mnajor tour events and the set of Quick-L ook
Orbit Facts can be found in the Appendix; they complete our description
of the Galileo tom.

A Unique Though our tow will be ending in December 1997, the work of the

Experience scientists will bc in full swing. They will be piecing together the
observations and analyzing this valuable data for years to come. No doubt
new understandings of our solar systecm will emerge from this first time
visit by a spacecrafi that orbited an outer planet. We look forward to
unlocking the mysteries Jupiter holds.
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APPENDI X This appendix contains a timeline, Galileo Mission Overview

(June 1996-Decenber 199'/), and a set of Quick-1.ook Orbit Facts sheets.
The essentials of cach orbit are listed. We have provided them as a handy
reference while the orbiter’s tour progresses in the months to come.
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PROJECT GALILEO QUICK-1.OOK ORBIT FACTS

Fact Sheet Guide

|f e e e e ,. C ~
Se (Mons
~ - .. — , J
[ RO RCT AN ED GO KTOOR GRBTTATTS™ * * © fe— - — — TRORCTGNRES CURWLO K GRS , FACTE
- ganymec{e Orbit 1 _Ganymede - Orbit 1
Encounter Trajectory » Lgmtwru 34 :‘..._... - -—{Tav-yw.{r 1{151 q: mll I -
~{|| == . e
. Sovence Hightghts
4} x“ﬁm Pee lﬂ-v—: :.'41.7.,.,
T D
-
C — PACI'DOI)
(I'itle ) (Qu_igk_fiagls
Indicates the target satellite and the number Of the This section provides a summary listing of the
orbit in the satellite tour. In this example, characteristics o©of the target satellite
Ganymede is the target satellite on the first orbit of encounter as well as the Jupiter encounter,
the orbital tour. including & comparison of the target satellite
,,,,,,,, ) flyby altitude to those of the Voyager
spacecraft. It alsodefines the orbit encounter
) and cruise dates.
Encounter Trajectory |\ /
This plot shows the path of the spacecraft as it j
flies through the Jupiter system. The target
-] satellite and Jupiter closest approaches arc -SQIQ“JLQ-FNbV Geometry
labeled and indicated by the white circles, The This plot shows the path of the spacecraft as
directions to the Sun and the Earth are indicated it encounters the target satellite. The target
by the arrows near the top of the plot. These satellite closest approach is labeled and
particular plots are also known as North Trajeclory indicated by the while circles. The directions
Pole View plots. to the Sun, Earth and Jupiter are indicated by
\ ) arrows on the plot. The grid on the satellite
----- provides information aboulthe flyby latitude
( . . . \ and longitude. These plots are a combination
Science Highlights of North and South Trajectory Pole View
This section provides a high levelnon: \\plots. /
comprehensive listing of the science that willbe
accomplished during this encounter period. The f
listing is divided amongst the three main &r¢as of Time: QrderecLListing
Sc'te”.‘ie wgelr.tles’t: T]OV'ag rylagngtospher%, This section provides a listing of important J=——1
ja‘? |est ( ah' ean, minor, Jupiter rings), an mission and engineering events, as well as
&OV'an atmosphere. . / selected science observations that support
’ the science mentionedin the Science
) L Highlights section.
(Versmn Number and Publication Date j- \ ol o
\. — /

(
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PROJECT GALILEO QUICK-LOOK O RBIT FACTS

Fact Sheet Guide

. [ 1 1 O R - ]
4 A~y N
Acronyms
----- - o
AU - astronomical units N - Norih Rj - Jupiter radii
C/A - closest approach NIMS - Near-Infrared Mapping RS - Radio Science
deg - degrees Spectrometer SCE:1 - spacecraft event time
EUV - Extreme Ultraviolet obs - observation SS1 - Solid State Imaging
Spectrometer OTM - orbit trim maneuver UTC - Universal Time Coordinated
F&P - Fields and Particles instruments OWLT - one way light time UVS - Ultraviolet Spectrometer
km - kilometers PDT - Pacific Daylight Time: VGF1- Voyager 1
km/s - kilometers per second FIST - Pacific Standard Time VGH? - Voyager 2
min - minutes PPR - Fhotopolarimeter Radiometer W - West P
. y ) "
r Glossary of Selected Terms
. l-

Alfvén wing - collection of electromagnetic waves palimpsest . a roughly circular spot on icy satellites,
generated as the presence of plasma leads to the thought to identify a former impact crater.

“slowing down” of the magnetic field lines being phase angle - the angle between the Sun, an object, and

swept past a satellite. an observer. O degrees phase means the Sun is
aurora - a glow in a planet’s ionosphere produced by the behind the: observer,

interaction of the planet’s magnetosphere with plasma - a highly ionized gas, consisting of almost equal

charged particles from the Sun. numbers of free electrons and positive ions.

Fields and Particles Instruments - compliment ©f  plasmasheet- oW energy plasma, largely concentrated
instruments designed to provide data need to shed within a few planetary radii of the equatorial plane,
light on the structure and dynamical variations of the: distributed throughout the magnetosphere
Jovian magnetosphere. This compliment is made throughout which concentrated electric currents
up of the Dust Detector, Energetic Parlicles fiow.,

Dectector, Heavy lon Counter, Magnetometer, Satellites, Galilean -10, Europa, Ganymede, and Callisto,
plasma and Plasma Wave Subsystems. four largest satellites of Jupiter discovered by

magnetosphere - the region Of space in which a planet’s Galileo in 1610.
magnetic field dominates that of the solar wing, satellite wake - region created in front of the Galilean

magnetotail - the portion of a planetary magnetosphere satellites &s the charged particles that corotate with
pulled downstream by the solar wind. the Jovian magnetosphere sweep past the satellites.

occultation - period of time during which sunlight or the solar conjunction - period of time during which the Sun is
radio signals to/from a spacecraft are interrupted by in or near the spacecraft-Earth communications
the intervention of a celestial body. path, thus corrupting the communications signals.

OPNAYV - SS! image taken to support optical naviation; torus, 10- ring-like cloud of neutral and ionized gases
image typically consists of the limb of onemain (plasrma) glong lo’s orbit believed to be associated
body (Jupiter or a satellite) and three to four slars. with the volanic eruptions on 10.

External Sources:
Dessler, 3. Physics ol the Joyian Magnetosphere - Cambndge University Press, 1983.
vates, C. M, et, al. Galiiep; Exploration of Jupiter's Syslem. NAsA, 1985
Kelly Beatly, J. and A. Chaikin. The New Solar Systen:. 3rc edition. Cambridge Universily Press, 1990.

Space Science Reviews. Volume 60. Kluwer Academic Publishers, 1992
A

.
rC Disclaimers / Additional Resources j

Disclaimer: The information contained in these fact sheets IS based on the Iatest available mission plans as of the
publication date. Mission plans are subject tochange as they gothrough the final planning cycle prior to
transmission to the spacecraft. Stay tuned for information uptates.

For additional information contact us at: Galileo Qutreach Coordination, Jet Propulsion laboratory, M/S 264-765,
4800 Oak Grove Drive, Pasadena, CA 91109-8099. Phone: (818) 393-0592, Fax: (818) 393-4530, Email:
askgalileo@glisvc. jpl.nasa.gov. Or visit our hon 1€ page at hti://www.jpl.nasa.gov/galileo.

\ J
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PROJECT GALILEO QUICK-LOOK ORBIT FACTS

Ganymede - Orbit 1

Encounter Trajectory

Earth Sun
/ T ——l

NI Quick Facts

[

(nymede CIA

Callisto

Ganymede Encounter

27 June 1996
06:29 UTC

Altitude: 844 km

133 times closer than VGR1
70 times closer than VGR2

Speed: 7.8 km/s
Latitude: 30 deg N
Longitude: 112 deg W

Perijove

28 June 1996
00:31 UTC

Altitude: 10 Rj
Earth Range: 4,2 AU
OWLT: 35 min

Encounter Phase
23-30 June

Cruise Phase

L\

30 June -01 Sept

5=/

F N /7

Science Highlights

B

.

Magnetosphere

. Ganymede wake
crossing.

. Start of first “mini-
tour” of Jovian
magnetosphere

. ®Remote lo torus
observations

(
I
I
I

Satellites

. Ganymede an d Europa
geology and atmos-
pheric properiies

« Jomon it oning, distan t.
Callist o observations

. Mass properites of
Ganymede

Jovian Atmosphere
. Great Red Spot
. Jupiter northern and

southern aurora, Jo
footprint

A
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PROJECT GALILEO QUICK-LOOK ORBIT FACTS

- Ganymede -- Orbit 1

q de Flyby Geomet )
Ganymede Flyby Geometry
AN - P
+30 min
+15 min Ganymede C/A
Jupiter
-~
Earth
oW -15 min
S70W

\ >

, o a o . o o o o " i " . \

Time Ordered Listing ,
EVENT TIME (PDT-SCEN) -, ... EVEND (contirwed) . . . . . - __TIME(PDT-SCET)
Start Encounter 23 June 96 09:00 Europa ¢/A (156000 km) 18:22
Start Ganymede-1 real-time survey (F&P) 0¢:02 Europa global observation (NIMS/SSH) 18:43
First remote 10 torus observation(EUV) 10:20 10 full disk map (PPR) 28 11:22
Jupiter auroral map (UVS) 1854 10G/A (697000 km) 11:28
OTM-6 24 11:30 Science 1 urn (High phase ko, Jupiter) 15:30
First 10 monitoring observation (SS1) 25 10:36 10 ectipse observation (PPR) 20:37
Ganymede global color image (SSI) 26 01:45 10 eclipse observation (SS1) 20:46
Ganymede gravity field measurement {RS) 13:29 Science 1 urn (High phase 10, Jupiter) 2338
Last remote 10 torus observation (UVS) 14:23 Last 10 monitoring observation (NIMS) 29 04:32
Ganymede global surface map {NIMS/UVS) 14:30 Last GreztRed Spot observation (NIMS) 07:45
Ganymede dayside thermal map (PPR) 20:24 Start Playback 21:30
First Great Red Spot observation (SS1) 21:18 O0T™-7 30 00:42
Ganymede Nippur Sulcus ohs. (NIMS/UVS) 27:21 Lum to return to Earth poinl 17:45
Ganymede wake crossing recording (F&P) 23:07 End Ganymede-1real-tine survey (F&P) 02 July 17:00
Ganymede Uruk Sulcus mosaic (SS1) 23:08 OTM-8 05 August 01:00
Ganymede Galileo Regio mosaic (SS1) 23:09 Firsl Ganymede-2 approach OPNAV 09 18:49
Ganymede C/A (3480 km) 23:29 Start 1s! magnetosphere ‘mini-tour’ (F&P} 14 17:00
Callisto C/A (1040000 km) 27 06:13 Turn for attitude maintenance 18 18:40
Europa north high latitude ohs.(NIMS) 17:01 0TM-9 27 10:30

\  Jupiter C/A (789000 km) 17:31 Encl Piayback 01 September 09:00

( PAGE2OF2)
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PROJECT GALILEO QUICK-LOOK ORBIT FACTS

Ganymede - Orbit 2

PR ' o . N
Encounter Tra jectory " Quick Facts
P jeeton J L : y
o — - = o Ganymede Encounter
Sun *-.-.,.\#Ea'"‘ 06 September 1996

18:00 UTC
Altitude: 250 km

448 times closer than VGR1
....... 238 times closer than VGR2

Speed: 8.0 km/s
Latitude: 80 deg N
Longitude: 123 deg W

Perijove

07 September 1996
13:37 UTC

Altitude: 9.7 Rj
Earth Range: 4.7 AU

Europa

_Ganymede
o

— T OWLT: 39 min
Callisto
/ Encounter Phase
01-08 September

Cruise Phase

e N 08 Sept -02 Nov

A\ R R N J/
- - amioimas ...
[ Science Highlights
Magnetosphere Satellites Jovian Atmosphere
. Ganymede north Alfvén . Unique Ganymede north e Stratospheric Circulation
WINQ crossing polar pass e Jupiter southern aurora
* Central orbit in first * Turopa low phase global o Shoemaker-Levy 9 remnant
“mini-tour” of Jovian tmages mat erial images
magnetosphere - Callisto, Jo monitoring,
Amalthea
. L p.
( PAGE 1 OF 2 ’
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PROJECT GALILE O QUICK-LOOK ORBIT FACTS

‘anymede - Orbit 2

4 Yk )
A ganynw(fe 7 [y,&y Geometry )
Ganymede C/A
— : | ,/
1 vt T,
+30 min 4+ 15 min > “‘“-~..~“__4__‘— Sun
~-— ] -15 min —>
Jupiter i 30 min — %
Ow 270W Earth
A _
[ Time Ordered Listing y
EVENT - TIME (PDT/PST-SCEY) EVEND (contirwed) . ._. ... . ... TIME (PDT/PST- _
Start Encounter 01 September 1996 08:00 Jupiter C/A (762000 km) 06:37
First 10 monitoring observation (SS1) 02 16:14 Europa low phase photometry (SS1) 07:39
Last Ganymede-2 approach OPNAV 22:3% Europa C/A (673000 km) 10:06
Shoemaker-Levy 9 impact zone ohs, (SS1) 03 10:10 Europa main circular feature (NIMS) 10:07
Shoemaker-Levy 9 impact zone ohs. (NIMS) 10,25 Europa polarimetry (PPR) 14:50
Jupiter auroral map (UVS) 16:48 Last 10 monitoring observation (NIMS) 2221
0TM-10 04 11:50 Caliistolow phase photomeltry (SS1) 08 06:25
Ganymede gravity field measurement (RS) 06 0201 Start Playback 09:00
Ganymede north pole map (NIMS/UVS) ‘110 Callisto polarimetry (PPR) 16:31
Ganymede wake and wing recording (F&FP) 11:31 Callisto C/A (424000 km) 09 03:24
Ganymede Anshar Sulcus (SS1) 111:33 Callisto global coverage (NIMS) 03:25
Ganymede palimpsest (SS1) 11:411 0OTM- 11 14:30
Ganymede C/A (2880 km) 12'00 1 urn for attitude maintenance 23 10:00
Science Turn (Jupiter stratospheric map) 13:07 0TM-12 08 October 07:00
Jupiter stratospheric circulation map (UVS) 14:12 First Callisto-3 approach OPNAV 09 07:38
Turn to return to Earth point 16:44 Last Callisto-3 approach OPNAV 30 15:23*
10 full disk map (PPR) 21:56 OTM-13 01 November 05:30
10 C/A (441000 km) 2225 End Piayback 02 08:00
Amalthea full disk imaging (SS1) 07 01:14 * denotes transition from PD1to PST,
.

Y
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PROJECT GALILEO QUICK-I.LOOK ORBIT' FACTS

| Callisto -- orbit.?

{ Encounter Trajectory

F Quick Facts

———— Callisto Encounter
Sun4 *Eanh 04 November 1996
13:30 UTC
Callisto C/A Altitude: 1104 km
- ——— 112 times closer than VGR1
T;t‘ 192 times closer than VGR2
11/6 >
118 Speed: 8.0 km/s
Latitude: 13 deg N
e Longitude: 78 deg W
Perijove
lo 06 November 1996
Europa 13:27 UTC
._// p . ) .
Ganymede Altitude: 8.2 Rj
/ .
. Callisto Earth Range: 5,6 AU
/ OWLT: 46 min
Encounter Phase
_ 02-11 November
Occultation Solar Cruise Phase
11/9 '\, <k~ Occultation
e e 11Nov - 15 Dec
AN\ e VAN _/
Science Highlights
Magnetosphere Satellites Jovian Atmosphere
.Completion o f-first “mini- . Callisto Asgard Basin . White ovaf observations
tour" of Jovian magneto- . Turopa non-ta rgeted ® Jupiter northern aurora
sphere encounter - volcanismi obs. . Jupiter atmosphere during
. Callisto wake and A [fvén . Closest Io approach of Tour Solar occultation
Wing crossings . Mass propertics of Callist o
. )
N A

PAGE 1 OF 2\)
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PROJECT GALILEO QUICK-LOOK ORBIT FACTS

Callisto - Orbit. ?

(

a Callisto Flyby Geometry o
Ao e > -
. Jupiter
+30 min
415 min
_a— Callisto C/A
Sun
—
270W L.
180W
-15 min .
Earth
N\ -30 min p
- .
[ Time Ordered Listing
\ )I
EVENT - —— JIIME(PST-SCET) -... -.. EVENT fcontinued) . ..—-._ __ TIME(PST.SCET}
Start Encounter 02 November 19465 (8:00 Last “White oval” observation (NIMS) 07 09:40
First Jupiter aurora observation {UVS) 18:14 Turn to retumn to E arth point 12:30
Callisto Asgard Basin observation {SS1) 03 11:44 Stari Eariti occultation by Jupiter 08 02:36
Gravity field measurement - Callisto (RS) 1930 End Earth occultation by Jupiter 09:15
Callisto wake crossing recording (F&P) 04 05'11 Science 1 urn {Solar occultation) 15:00
Callisto C/A (3510 km) 05'30 Start Soler occultation by Jupiter 18:18
Callisto Valhalla region observation (SSI) 05'35 Firs! Solar occultation observation (UVS) 18:35
Caliisto dark map observation (PPR) 06:18 Last Jupiter aurora observation (SS1) 21:18
First "White oval” observation {NIMS) 18:14 Turn to return to Earth point 09 02.00
First lo monitoring observation (NIMS) 05 20.00 End Solar occultation by Jupiter 02:15
10 Topographical map (SS1) 2207 Last Solar occultation observation (UVS) 05:10
High spatial and spectral 10 ohs, (NIMS) 06 03:4¢ OTM 14 23:00
10 C/A (244000 km) 04:05 Start Playback 10 18:00
Jupiter C/A (658000 km) 05:27 End 1st magnetosphere "mini-tour” (F&P) 11 12:00
Europa C/A (34000 km) 10:43 Turn for allitude maintenance 12:00
Europa dark map observation {PPR} 12:27 OTM-15 27 1143
Europa limb occultation ohs. (NIMS) 12:41 Fust E uropa-4 approach OFNAV C2 December 01:01
Last 10 monitoring observation {NIMS) 1621 Start E uropa-4 real-tirne survey (F&P) 13 13:00
Science Turn (High phase Jupiter) 18:50  Lastkuropa-4 approach OPNAV 09:21
\_ Ganymede C/A (1050000 km) 20049 End Playback 14 16:00 ) 4

PAGE 2 OF 2 )
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PROJECT GALILEO QUICK-LOOK ORBIT FACTS

Europa -- Orbit 4

7\

Encounter Trajectory

“\

_—

" Quick Facts

Y

\\\
Earth

1easbe s

/
Ganymede

Callisto
/

Europa Encounter

19 December 1996
06:54 UTC

Altitude: 692 km

1058 times closer than VGRI
295 times closer than VGR2

Speed: 5.7 km/s
Latitude: O deg N
Longitude: 37 deg W

12716

Perijove

19 December 1996
03:22 UTC

Altitude: 8,2 Rj
Earth Range: 6.0 AU
OWLT: 50 min

* Europa wake and north
A lfvén wing crossings

* North to south plasma
sheet crossing

~
.___,..// Encounter Phase
15-22 December
Earth - ‘1' 12122
Occultation % _ _  Solar Cruise Phase
Q Occullation
e e e e e e e 22 Dec 96-17 Feb 97
N e / A Y,
I[ Science Highlights
Magnetosphere Satellites Jovian Atmosphere

. Excellent Furopa dayside and o

nightside coverage
. Jo pariial-eclipse
« Jupiter rings
« Amalthea, Thebe, Adrastea

Northern equatorial belt "hot

spot “observations

* Atmospheric profile during
Farth occultation

* Jupiter northern aurora

A

N\,
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PROJECT GALILEO QUICK-LOOK ORBIT FACTS

Europa Orbit 4

mare 0000 00 D000 sasmaeeronsn- s cnmmmems ]
. " A
r FEuropa Flyby Geometry )
IIIIIIIIIIIIIII - |
+15 min
Earth & Solar
Occultations—=pm-
Sun
___’_
Earth
Europa C/A
-15 min
Z
[ Time Ordered Listing
N 2z
EVENT - TIME (PS1-SCET) - EVENT (contineed) .. .... .. __ TIME(PSI-SCET)
Start Encounter 14 December 1996 16:00 Turn to return to Earth point 10:50
OTM-16 15 18:30 Atmospheric profile during occultation (RS) 21 08:17
Jupiter auroral map (UVS) 16 02:00 Start Earh occultation by Jupiter 09:44
10 eclipse ingress observation (NIMS) 17 11:06 End Earth occultation by Jupiter 16:37
10 eclipse thermal observation (SS1) 11:45 Plasma sheet crossing recording (F&F) 17:20
10 eclipse egress observation (NIMS) 13:24 Starl Solar occultation by Jupiter 19:00
First "Hot spot” observation (PPR) 19:20 End Solar occultation by Jupiter 22 02:44
Amalthea imaging (SS1) 23:.09 Start Playback 03:00
Thebe imaging (SS1) 18 00:06 End Europa-4 real-time survey (F&P) 06:49
10 C/A (321000 km) 13:37 OTM-17 17:40
Europa global mosaic {NIMS) 1 “1 um for atitude maintenance: 26 12:00
Europa day/night thermal map (PPR) 17:54 OTM-18 04 January 1997 04:30
Jupiter C/A (655000 km) 19:22 “turn for attitude maintenance 08 06:15
Adrastea imaging (SS1) 19:26 Start Solar conjunclion* 10 14:14
Europa global map (SSi) 19:36 E nd Solar conjunction 28 07:09
Europa Double Linea area (NIMS} 2.1 0TM-19 06 February 01:30
Europa wake crossing recording (F&P) 22:45 First £ uropa-6 approach OPNAV 20:45
Start Solar occultation by Europa 22:64 Turn for atiitude maintenance 10 10:02
Start Earth occultation by Europa 1 ast E uropa-6 approach OF'NAV 15 21:35
Europa C/A (2260 km) Start Europa-6 real-time survey (F&F) 01:00
End Solar occultation by Europa 23:05 End Playback 16 16:00
End Earth occultation by Europa 23:06
Ganymede C/A (792000 km) 19 12:13 * Solar conjunction contains & phasing orbit fly through the Jovian
Science Turn (High phase Jupiter) 10:06 system Refer to Jupiter - Orbit 5 supplenent.
First high phase Jupiter observation (SSt) 2253
Callisto C/A (1490000 km) 20 05:33
Last high phase Jupiter observation (SS1) 07:27
Jupiter rings observations {NIMS} 08:06
Last “Hot spot” observation (UVS) 10:06
\. y,
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PROJECT GALILEO QUICK-L.OOK ORBIT FACTS

Jupiter - Orbit 5- Phasing

.

Encounter Jrajectory

A

.............. P -

Jupiter C/A

120~~~
—_ o
—_—Europa

_.~Ganymede

_..-=Callisto

——
T R Y

- 1/25

Earth & Sun
~l- Gecitations

4 N
EVENT - IMEPST-SCED o v v vu
Start Solar conjunction 10 January 1997 14:14
Ganymede C/A (1 150009 km) 19 01:35
Jupiter C/A (6460(10 km) 16:28
Europa C/A (28900 km) 17:12
Callisto C/A (600000 km) 2 1218
lo C/A (1470000 km) 17:24
Start Solar occultation by Jupiter 23 00:03
Start Earth occultation by Jupiter 01:54
End Solar occultation by Jupiter 0851
End Earth occultation by Jupiter 10:37
End Solar conjunction 28 07:08
\\ J
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PROJECT GALILEO QUICK-L.OOK ORBITFACTS

Europa - Orbit 6

............... .V - -
r Encounter m;crtmy Y[ Quick Facts
N (— —_— L, T et -~ e
e Europa Encounter
. ““-\\
Earlh‘ ‘SUFI 20 February 1997
17:03 UTC
Altitude: 587 km
- 1247 times closer than VGR"
Euro/pa QA \ 348 times closer than VGR2
Jupiter C/A P> N Speed: 5.7km/s
Latitude: 17 deg S
219 Longitude: 324 deg W
Perijove
_~lo 20 February 1997
__~turopa 20:53 UTC
e / . ) .
Ganymede Altitude: 8,1 Rj
_,,/ Earth Range: 6.0 AU
_ OWLT: 50 min
Callisto
/ Encounter Phase
,,,,,, e 17-23 February
Solar Earth Cruise Phase
°°°““a“° e 23 Feb -30 Mar
A A L Z
r i N p . " *
[ Science Highlights )
Magnetosphere Satellites Jovian Atmosphere
. Europa south A [fvén . Furopa Argiope Linca and « South equatorial belt -
wing crossing other fines ted regions zone boundary
. Jupiter magnetic equator - Jo plume mon if oring ¢ Jupiter northern aurora
crossing . Jupit er rings
. Thebe, Amalthea
/|

aVYe
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PROJECT GALILEO QUICK-LOOK ORBIT FACTS

Europa - Orbit 6

[ Europa Tlyby Geometry j
+30 min
+15 min Earth
Earth & Solar 160W
Occulations —
Sun
Jupiter
- Europa C/A
<15 min
\. _
¢ Time Ordered Listing
N 2
EVENT - TIME (PST-SCE) . . . .. .. EVEN (continved). . ... __ TIME(PST-SCET) |
Start Encounter 16 February 1997 16:00 Europa global color map (SS1) 17:23
OTM-20 16:15 Last belt /zone observation (NIMS) 21 02:.04
First 10 monitoring observation (SS1) 17 1343 Last 10 monitoring observation (SS1) 02:56
Real-time Jupiter aurora ohs. (UVS/EUV) 18 00:34 Ganymede C/A (318000 km) 08:26
Jupiter auroral map (UVS) 16:55 Calliste C/A (279000 km) 22 14:55
First belt /zone observation (SS1) 1831 Start Playback 17:30
Thebe imaging (SS1) 19 15:01 OTM-21 23 20:00
Europa Terra Incognito ohs.(NIMS) 20 04:03 Science 1 urn (Solar occultation) 25 0347
10 C/A (401000 km) M (4 Start Solar occultation by Jupiter 05:27
Europa Argiope Lines ohs. (NIMS) 08:05 Jupiter rings observation {NIMS) 07:33
Europa Alfvén wing recording (F&P) 08:36 Tumtorelum to Earth point 16:44
Europa high resolution C/A obs. (PPR) 09:03 End Solar occultation by Jupiter 17:15
Start Earth occultation by E uropa End Eurepa-6 real-time survey (F&P) 19.00
Europa CfA. (2150 km) Start Earih occultation by Jupiter 26 11:13
Start Solar occultation by Europa 09:04 End Earth occultation by Jupiter 27 00:48
End Earth occultation by Europa 09:16 0TM-22 13 March 17:15
End Solar occultation by Europa 09:17 Tum for attitude maintenance 17 09:10
Jupiter C/A (652000 km) 1253 Start Gariymede-7 real-time survey (F&P) 20 17:59
Jupiter magnetic equator recording (F&P) 13:06 First Ganymede-7 approach OPNAV 22 15:38
k Amalthea imaging (SS1) 13:55  End Playback 30 08:00

C
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PROJECT GALILEO QUICK-.LOOK ORBIT FACTS

Ganymede - Orbit 7

Encounter Trajectory

Y Quick Facts )

Jupiter C/A

Ganymede C/A Ganymede

~_

Callisto

Ganymede Encounter

05 April 1997
07:11UTC

Altitude: 3059 km

37 times closer than VGR1
19 times closer than VGR2

Speed: 8.5 km/s

Latitude: 56 deg N

Longitude: 88 deg W
Perijove

04 April 1997

11:04 UTC

Altitude: 8.1 R;

Earth Range: 5.5 AU

OWLT: 46 min

Encounter Phase
30 Mar -06 Apr

sruise Phase
06 Apr -04 May

AN

\ ——— S
4 Science Highlights ™
|14aaneto.where Satellites Jovian Atmosphere
. Ganymede nort h Alfvén * Ganymede high energy . Visually clear or "Brown
wing Crossing impact regions (Kjt tu, etc.) barge" regions
. First dawn side plasma . Furopa non-targeted . Jupiter nor-them aurora
sheet crossing encounter )
. Callist o full color global
Mmosaic
/

\V
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PROJECT GALILEO QUICK-LOOK ORBIT FACTS

Ganymede - Orﬁit 7

- )
r Ganymede Tlyby Geometry )
~ P - R
+30 min
Earth
+15 min
_.—..>.
Sun
Ganymede C/A ¥
Jupiter
=15 min
\_ \ J
o D - . » .
( Time Ordered Listing )
. -/
EVENT TIME (PSTFDT - EVENT ..o _TIME (PST/PDT-SCETY  _
Start Encounter 30 March 1997 08:00 Ganymede Kittu region (SS1) 22:40
Dawn side plasma sheet recording (F&P) 10:50 Ganymede Alfvén wing recording (F &P) 22:56
Last Ganymede-7 approach OPNAV 31 18:13 Ganymede polarimetry (PPR) 23:04
0OTM-23 20:40 Ganymede C/A (5690 km) 23:11
Callisto polarimetry (PPR) 01 April 18:50 Ganymede globzl surface map (NIMS) 05 06:22
Real-time Jupiter aurora {UVS/EUV)02 03:40 L ast "BrownBarge" observation (NIMS) 06 08:56*
First ‘Brown Barge” observation (UVS) 07:30 Start Playback 09:00
Callisto global color image (SS1) 08:39 0TM-24 07 22:15
Jupiter auroral map (UVS) 08:50 tind Ganyriede-7 real-time suivey (F&P) 14 13:00
Callisto C/A (636000 km) 08:62 Yurn for atiitude maintenance 18 11:00
Callisto global coverage (NIMS) 10:45 0TM-25 21 03:00
First 10 monitoring observation (NIMS}) 21:15 First Ganyiiede- & approach OPNAV 01 May 16:54
Europa full disk image (SS1) 03 09:44 Start Ganymede-8 real-time survey (F&P) 02 15:30
10 C/A (531000 km) 13:11 L ast Ganyrede- & approach OPNAV 21:25
Europa dayside global thermal map {PPR}) 18:32 £ nd Playback 04 08:00
Europa Tyre Macula region (NIMS) 21:49
Europa C/A (24600 km) 22:00 ‘denotes transition from PS1 to PDT.
Jupiter C/A (652000 km) 04 03:04
Last 10 monitoring observation (SS1) 16:15
A\ Ganymede Nicholson Regio (SS1) 22:29 )

C

LEL TRy Y
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PROJECT GALILEO QUICK-LOOK ORBIT FACTS

Ganymede Orbit 8

Encounter Tra jectory

Ganymede C/A

‘/|0

Vv : Il
Quick Facts

\
I
] Ganymede Encounter

07 May 1997
15:57 UTC

Altitude: 1585 km

71 times closer than VGR1
3B times closer than VGR2

Speed: 8.6 km/s
Latitude: 29 deg N
Longitude: 274 deg W

Perijove

08 May 1997
11:42 UTC

_~Europa Altitude: 8.3 Rj
- Earth Range: 5.0 A
/Ganymedo arth Range: 5.0 AU
et OWLT: 42 min
Encounter Phase
/Callisto 04-n May
L o Cruise Phase
I T 11 May -22 June
................ AN 4
A e N
Science Highlights
Magnetosphere Satellites Jovian Atmosphere
- Start of second “mini-tour”. Ganymede surface « South polar fiaze zone
of Jovian magnetosphere morpholog y: Osiris, Tiamat  « Jupiter northern and
* Ganymede "upstream" Sulc us, etc southern aurora, Jo
wake crossing * (allisto non-targeted footprint
e ncounter, South Tole
* Metis, Elara (V1S only)
oooooo J

e ey Ve
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PROJECT GALILE O QUICK-LOOK O RBIT FACTS

Ganymede - Orbit 8

r Ganymede Flyby Geometry )
- > |
\Jupiler
) Earth
+15 min >
Earth & Solar
Occulations
——
Sun
Ganymede C/A
-15 min
- —
¢ Time Ordered Listing -
A, ’ .
EVENT . TIME(PDT-SCEI1.......... EVENT (continved) .. . . . . — _TIME(PDT-SCET)
Start Encounter 04 May 1997 09,00 E:nd E arth occultation by Ganymede 09:03
0TM-26 09.30 End Solar occultation by Ganymede 09:05
Elara observing (UVS) 17:00 1umtoreturn 10 Earth point 12:.04
Science Turn {lo plume monitoring) 05 0310 Last 10 monitoring observation, (NIMS) 15:58
First 10 monitoring observation (SS1) 06 0233 Europa C/A (1290000 km) 08 02:49
Callisto south pole ohs. (NIMS/UVS) 04:13 Jupiter C/A (663000 km) 04:42
Callisto south pole imaging (SS1) 05:08 Melis imaging (SS1) 0934
Callisto C/A (35900 km) 05:11 Last south polar haze zone tbs.(NIMS) 10 16:18
Callisto polarimetry / thermal ohs. (PPR) 05:56 oT™m 27 19:00
Jupiter auroral asymmetry map (UVS/NIMS) 16:37 Start Playback 1 09:00
Jupiter auroral variability map (UVS) 18:10 End Ganymede-8 real-time survey (F&P) 13 07:00
10 C/A (956000 km) 07 00:31 Starl Earth occultation observing (RS) 24 22:04
First south polar haze zone ohs.{UVS) 04:17 Start Earth occultation by Jupiter 25 02:36
Ganymede Orisis observing (NIMS) 06:18 E:nd Earth occultation by Jupiter 20:52
Ganymede dayside thermal ohs. {PPR) 05:34 End Earth occultation observing (RS) 26 01:25
Ganymede Tiamat Sulcus (SS1) 07:3% Start 2nd n Magnetosphere “mini- tour” (F&P) 02 June 09:00
Ganymede C/A recording (F§P) 0336 0TM-28 20:00
Start Earth occultation by Ganymede 08:56 First Callisto-8 approach OPNAV 17 22:30
Start Solar occultation by Ganymede 08:67 Last Callisto-9 approach OPNAV 20 18:45
\ Ganymede C/A (4120 km) E:nd Playback 22 09:00 !

C
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PROJECT GALILEO WICK-LOOK ORBIT

FACTS

Callisto - Orbit 9

7 T q,;“‘ e — —_—
- , -drajectory '
4 ncounter Irajectory " Quick Facts ”
e Callisto Encounter
25 June 1997
Earth Sun 13:47 UTC
Altitude: 416 km
m\ 298 times closer than YGR1
511 times closer than VGRZ
\\W, Speed: 8.2 km/s
6/8 Latitude: 2 deg N
Longitude: 259 deg W
2erijove
27 June 1997
E uropa Cc«”lStO C/A 11:52UTC
. ) Altitude: 9.8 Rj
an )
ymeae e Earth Range: 4.3 AU
OWLT: 36 min
/ Callisto Encounter Phase’
\ R 22-29 June
Cruise Phase
_ e et e e e e 29 June -14 Sept
\— e ——— —— J
L ?cu’nre 7f7ﬂﬁ[1gf ts O
S
M a‘an.etosnﬁer e ' &l‘iﬂi!ﬁ? Jovian Atmosphere
« Unique deep fnagne.totaz[ * Callist o Valhallamufi - . Great Red 3};01
passage (143 Ry - duning ringed st ructure « ¢ .quatorial plume head
cruise pflascj). _ * Ganymede non-targeted * Jupiter nonthern and
. ’Ce;;t(a[ orbit in second encounter southern aurora, 10
mini-tour” of Jopian « Metis, Adrastea, Amalthea, footprint
magnetosphere Thebe . r’j[z’gﬁ solar phase angle
——— —
PAGE 1 OF 2
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PROJECT GALILEO WICK-LOOK ORBIT FACTS

Ca[(isto— Orbit 9

1n nrn 1 I
4 C [[ - )
atti cm y Geometry
- Flyby Geometry )
415 min - Jupiter
Earth
——‘"“V
Earth & Solar
Occultations —=~"~""
$ 90w .
/'! Sun
Callisto C/A 1 eow
- 15 min -}~
\. 1 A
( Time Ordered Listing
EVENL . TIME (PDY.SCET) .. .. EVENT (continued) SSCET)
Start Encounter 22 June 1897 09:00 Lastlo monitoring observation (NIMS) 13:27
0TM-29 23:18 Last plume head observation (NIMS) 14:12
Science Turn {(Callisto encounter) 24 23:M Star Playback 29 09:00
Callisto dark map (PPR) 25 04.42 0TM 30 10 July 11:00
Callisto C/A recording (F&P) 06:26 Science Tum {Instrurnent calibration) 14 00:27
Start Earth occultation by Callisto 06:39 Tumn to return to Earth point 05:41
Start Solar occultation by Caliisto 06:40 Dusk magnetotail ohs. @ 130 Rj(F&P) 23 07:19
Callisto C/A (2820 km) 06:47 Start Solar occultation by Jupiter 29 04:54
End Earth occultation by Callisto 05:56 E:nd Solar occultation by Jupiter 30 11:40
End Solar occultation by Callisto 05:56 Start E arth occultation by Jupiter 01 August 03:26
Callisto Skuld crater ohs, (NIMS/UVS) 07:26 End Earth occultation by Jupiter 02 04:42
Callisto Valhalla regional obs. (SS1) 03:11 First apojove magnetotail ohs. (F&P) 07 04:06
Turn to return to Earth point 12:04 Second apojove magnetotaif ohs, (F&P) 06:36
First Great Red Spot observation {SSI) 1826 OTM-31 08 10:45
First plume head observation (SS1) 2257 Tum for attitude maintenance 09 09:00
First Jupiter auroral observation (UVS) 237 Dawnmagnetotail ohs, @ 130 R (F&P) 23 07:07
Thebe imaging (SS1) 23:56 Science Turn (High phase Jupiter) 02 September 19:45
Adrastea imaging (SSI) 26 06:11 Jupiter high solar phase ohs. {§Sl) 22:56
Ganymede C/A (82600 km) 10:49 1 um to retum toEarth point 23:31
Ganymede Perrine / Galileo Regio (SS1) 10:46 F irstCallisto- 10 approach OPNAV 09 2213
Ganymede polarimetry (PPR) 11:38 Science Turn (High phase Jupiter) 10 04:25
Ganymede global mosaic {NIMS) 14:53 Jupiter high solar phase ohs. {$S1) 07:26
Amalthea imaging (SS1) 16:35 Turn fo return to F:arth point 08:01
Europa C/A (1200000 km) 27 03:09  lastCallisto 10 approach OPNAV 12 13:25
First 10 monitoring observation (NIMS}) 03.33 End Playback 13 17:00
Metis imaging (SS1) 04:25
Jupiter C/A (770000 km) 04:57
10 C/A (607000 km) 19:31
Last Jupiter auroral observation (UVS) 28 07:01
\. Last Great Red Spot observation (NIMS) 0859 }
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PROJECT GALILEO QUICK-LOOK ORBIT FACTS

Callisto -Orbit 1

0

T N N

7\

~\
v

e ; ~
Quick Facts |

/—-—“\
Sun? f

\\

Earth

Jupiter C/A

lo

.

Callisto Encounter

17 September 1997
00:21 UTC

Altitude: 524 km

237 times closer than VGRI
406 times closer than VGR2

Speed: 8,2 km/s
Latitude: 5 deg N
Longitude: 79 deg W

Perijove

18 September 1997
2313 UTC

Europa Altitude: 8,2 Rj
T Callisto C/A Earth Range: 4.3 AU
Ganymede OWLT: 36 min
———
9/21 Encounter Phase
14-20 September
Callisto '
0 /// Cruise Phase
—_ - e oy v : 20 Sept -02 Nov
\_ / N J
r Science Highlights
Magnetosphere Satellites Jovian Atmosphere
. Complet ion of second « Callisto global and bright ¢ North polar haze region
‘mini-tour” of Jovian fimb observations * Jupiter northern and
magnetosphere * Jo aurora and Jupiter rings southern aurora
- Jupiter magnetic equator dunng solar occultation * Jupiter aurora and lightning
crossing + Furopa volcanism survey during solar occultation
« Amalthea, Thebe, Adrasteaq,
Meltis, Himalia
‘\ -

e MO T

™~
PAGE 1OF 2)

Project Galileo Outreach 22 May %6 Version 0.1



PROJECT GALILEO QUICK-LOOK ORBIT FACTS

Callisto - Orbit 10

é Callist o Flyby Geometry— == T
\ - 2 2
Jupiter
+15 min
. Sun
« — Callisto C/A —
B
Earth
15 nmun
\_ , . J
pooooooooooooao —
Time Ordered Listing y

EVENY Lo— JIMEPDURGT-SCRT). - EVENT (continged) .. ... . . . —_TIME (PDT/PST- —
Start Encounter 13 September 1997 17:00 Last Jupiter aurora observatior: (NIMS) 21:14
0TM-32 19:00 Stari Playback 20 07:30
Himalia observation (UVS) 16 04:59 Turn to return to Earth point 07:45
Callisto gravity field measurement (RS) 07:27 Last north polar haze region ohs, (NIMS) 11.08
Callisto C/A recording (F&P) 16:57 0TM-33 14:30
Callisto Asgard transect (SSI) 16:56 Start Earth occultation by Jupiter 29 02:51
Callisto C/A (2930 km) 17:21 End t arth occultation by Jupiter 30 03:19
Caliisto bright limb ohs. (NIMS/UVS) 1723 Start Solar occultation by Jupiter 05 October 06:00
First Jupiter aurora observation (UVS) 7 07:12 Science Turn (Solar occultation) 07:43
First north polar haze region ohs, (UVS) 09:01 Europa volcanism observation (SSl) 11:04
First 10 monitoring observation (NIMS) 14:34 Jupiter lightning /aurora ohs, (SS1) 11:09
Amalthea observing (NIMS} 18 08:0¢ 10 aurora/ Jupiter rings ohs. (SSl) 12:48
Ganymede C/A (1690000 km) 10:56 Turn toretumto E arth point 18:50
Jupiter magnetic equator recording (F&P) 15,36 End Solar occuttation by Jupiter 23:59
Jupiter C/A (656000 km) 16:13 OTM-34 18 09:00
Adrastea/Metis observation (NIMS) 17:15 End 2nd miagnetosphere *mini -tour” (F&P) 25 15:00
10 C/A (319000 km) 21:43 Firstturopa- 11 approach OFNAV 28 18:15*
Europa C/A (621000 km) 2223 Start Europa.11 real-time survey (F&P) 01 November 14:00
Thebe imaging (SS1) 19 00:16 l.astEuropa-11 &pproach OPNAV 02 03:45
Science Turn (High phase Jupiter) 00:47 I:nd Playback 08:00
Last 10 monitoring observation {NIMS) 17:414 ‘denotes transition from PDY to PST,

C

/
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PROJECT GALILEO QUICK-L.OOK ORBIT FACTS

Europa - Orbit 11

" Encounter Trajectory

Vs —3
q Quick Facts )

Jupiter C/A

_ . 4,Europa C/A
7\

11/7

11/6

=)

Ao
S/
__turopa

L ——

“/-Ganymede

Callisto
/

Europa Encounter

06 November 1997
21:46 UTC

Altitude: 1125 km

651 times closer than VGRI
181 times closer than VGR2

Speed: 5.5 km/s
Latitude: 66 deg N
Longitude: 144 deg W

Perijove

07 November 1997
00:57 UTC

Altitude: 8.1 Rj
Earth Range: 5.0 AU
OWLT: 41 min

Encounter Phase
02-09 November

Cruise Phase
09 Nov -07 Dec

-~ @ @ @ O O O — - - _ . /)
( v . . . . \
cience Highlights
q | ~S IIIIII - Sighilg .
Magnetosphere Satellites Jovian Atmosphere
. Europa A [fvén wing . ¥irst close range ¢ uropa * Global equatorial
crossing observations with Ultra - hydrogen map
. Last real-t ime SUrvey violet Spectrometer . Jupiter aurora
of Jovian magnetosphere . Mass p1 opertics of
quropa
N~ Y,
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( Furopa Flyby Geometry
~ ° > |
\
Jupiter _a—"Furopa C/A
—_—
Sun
-15 min
T~
Earth
-30 min
. Z
7 . . — <
Time Ordered Listing
A\ W,
TIME (PST-SCEY). ... _ ...
Start Encounter 02 November 1997 08:00
0TM-35 03 13:46
Caliisto C/A (682000 km) 04 2?:35
Europa C/A (2690 km) 06 13:46
Jupiter C/A (652000 km) 16:57
Ganymede C/A (1560000 km) 07 02:10
10 CIA (780000 km) 15:23
Start Playback 09 08:00
End Playback 07 December 19%708:00
End of Galileo Prime Mission 07 December 1997 08:00
* Science details of the Europa -11 encounter and cruise have not
been determined al this time.

—/
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